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Е Ш. Gregg Grant recalls some of the t 


the design of métal detectors and 

provides some basic circuits. : glorious machines of yesteryear. " ч ЕР; 
3 1 Solar Flare : 40 The World of 3-D | 

Ray Kent describes an easy-to-build Mex з In рап two, Mike Bedford looks at. | Б. 

hybrid compvuter/board game with alot : holography and stereoscopic CRT screens. 

of excitement. ; д 

: 45 Canon Printers 

5 4 LED Flashing Display & : John Mosely reviews four of ihe Те 

Signal Generator ме | bubble jet colour printers from Canon. 

John Mosely assembles two Mini Kis i 

from Velleman - each under a fiver! : 49 Analysing Mars. 

t : .in this article David Clark looks at 


some of the'sclence behind one 
particular instrument used on the 
Pathfinder mission. 
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қ Power Supply Project 
Neil Johnsoa of Cambridge 
Consuliants Ltd., discusses the désign 


of a compact 12V to 6Y switching : 58 Towards a Theory of Everything 
regulator, and gives supgestions on E Douglas Clarkson delves into the 
how it сап be. adapted for other ГА universe, parücle physics. and life! 
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e e = 68 Using 7-Segment Displays 
In pari 2 Ray Marston looks at 
practical 7-segment decoder/driver ICs 


Featu res : | in this concluding part of this special 


feature article. 
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hopefully, is improving, we have a project for 

the outdoors - a metal detector. In part one, 
Gavin Cheeseman has a look at the iheory and 
some possible designs. With part-2 of the project 
next month, there will be a short article from 
Gordan Bailey, who for.30 years has been searching 
the soil, and he gives an insight into the tricks of 
the trade along with details of the astonishing 
treasures he has uncovered, 

For indoor leisure pursuits we have Solar Flare ап 
electronic board game that can be very addictive, 
and indeed makes a pleasant change from the 
computer screen! | 

Whether we like И or not, the digital revolution is 
continuing at.an unstoppable rate, so this month we 
have two articles on the very latest technologies - 
digital video/digital VHS, and the digita! loudspeaker 
from 1... ttd. of Cambridge. This latter development 
could well revolutionise the way we listen to music, 
and it is good to see a British company leading the 
field. Stephen Waddington paid them a visit to hear 
for himself and check on developments. 

For readers who like some thought provoking 
reading, then Douglas Clarkson delves into the 
universe, particle physics, and life with his article 
Towards A Theory of Everything. 


N ow that spring is here, апа the weather, 
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МЕС» new desktop computer is 
а concept that features а 
revolutionary form factor and 2 
combination of technologies 
unlike that found in any other 


desktop personal computer. The : 
: ewww nec. co. UK». 


personal computer, code-named 
'Miliennium', integrates desktop, 
mobile and Яниее technologies, 


NEG Shows 
. Flat Panel 


* including a built-in Вас panel 


display, is a self-contained 
system with а footprint that 
measures 10.5in. wide by 7.7in. 
deep Бу 2.6in, high. 

For further details, check: 


Contact: NEC, 
‘fel: (0181) 993 8111 


All-Star Signs То Playstation 


Mo Vaughn, the All-Star first 
baseman of the.Anaheim 
Angels, has signed an exclusive 
deal for MLB 2000 - the latest 
version of the popular baseball 
videogame for the PlayStation 
game console, set to be 
available in stores at the end of 
March 1999. 

For further details, check: 
«www .playstation.co.uk». 

Contact: Sony, 
Tel (0990) 111 999 


Intel Launches Pentium III Processor 


intel launched the Pentium Ill 
processor at the end of Peoiialy. : 
They claim it is ihe first 
microprocessor designed to 
power а new Intemet experience 
filled with rich audio, video, 
animations and 3D that make 
information come ative. The 
Pentium Ш processor is available 
immediately at 450 and 500MHz, 


The Pentium ІН processor at 


: БООМН2 is 93 percent faster 


than the Pentium Il processar at 


: 450MHz on CPU intensive 30 

: calculations, as shown by Дам 
; 3D WinBench 99 transform апа 
: lighting test. Using Future Reality's 
: Multimedia Mark multimedia 

: performance benchmark, the 

> Pentium Ш processor at 5OOMHz : 
: is 42 percent faster than the 
while the 550MHBz version will be į 
available in second quarter 1999, : 


450MHz Pentium 1: processor. 
The new processor also offers a 


i nex selectable processor serial 


Technology für Star Wars 


A new toy technology from Hasbro that brings a 
whole new type of play to the acion figure toy 
category through its Star Wars basic action figures, 
The techndlogy, called Communication Output 
Memory Module (COMM Tech), is a patented 
microchip system that emibles Hasbro's new action 
figures trom Star Wars: Episode | to speak and 
re«reate key scenes from the movie, 

The new toys, due at гоа in May to coincide with 


: number feature that, vhen enabled. 


works in conjunction with security 


: solutions to provide ior more secure 
^i internet transactions. Corporate IT 
: managers will be able to use the 
і processor serial number feature io 

: enhance asset management, 
: making it easier to track PCs and 


applications on thé network: 
For further details, check: 


;o«www.intel.com/procs/perf», 


Contact: frital, 


: Tel: (01793) 403000. 


: the film's release, pair the basic, fourinch Star Wars 

? gaion іригез from the new movie with digital audio 

? СОММТесћ chips. То play; the child stands each figure 

i on its COMM Tech chip рахе, then scans the chip 

: dcross а COMM Tech Reader unit. The figures then 

: Speak with key character томе dialogue and many of 

і them can respond io cach other 25 they do in thé movie 
For further details, check: <www.hasbro; com>. 
Contact: Hasbro Interactive, Tél: 4-1 410 56$ 2377. 


МО! PhotoSuite; is to be included 

with Sony's Mavica MVO-FDRT: and 

МУС-ҒӨ91 digital cameras, in a 

promotion that wall гып throughout 

1999, Customers will тесеме‘в free 

Запе Edition. сору of MGI 

PhotoSuite when they purchase 
either camera from Dixons stares, 
For further details, 

Checks “www. mgitsoft cos. 
Contact: MGI, 

Ls (0171) 365 0034. 


iT People! Want 


To. Be Treated 
Normalh 


People warking in the computer 
industry would (Ike ІТ Issues to 
have more of an ‘entertainment 
factor’, according to sesearch 
conducted by Britannia Software; 

Britannia spake to one 
hundred IT professionals as part 
of research into customer 
communication. Eighty pércent 
of those questioned belfeved : 
there was too much jargan 
associated with IT, which was a 
"turn-off" both for these already 
in ihe profession and those 
thinking of joining.” 

Sixty-two percent of. those 
questioned thought there was à 
lack of space and attentian. 
given to IT in the mainstream 
media, with few being able to. 
mention existing technology 
radio/TV slots. Others thought 
there was ignorance of industry 
issues, with coverage on 
important topics such a5 Y2K 
often being ‘alarmist’ rather 
than informative. 

Far further détalis, check: 
<www.britantia-saftware.com>. 
Contact: Britannia Software, 

Tel: (0181) 694 9494. 


Welsh 2m (Radio 


‘Amateur’ 'Mast to 
Close 


The twodmetre radio amateur 
fepeater СВЗАЯ, which covers the 
naonn-vest coast of Wales, i6 15; 
close down at fts present site 
towards the end of March. The 
reason i5 asharp increase in the 
rental for use:of.the site улов 
owned Бу NTL. Whilst regretting this 
cevelonment, the Afon Repeater 
Group is remaining positiver ara Б: 
acinetly юохілй tor other sites. 
Further information can be:obtatned 
irom the repeater Keeper, Baan 
Davies, GWAKAZ. 

For further details, ‘check: 
Siew. TSgb_org>, 

Contact: ВЅ59; 
Tek: (01707) 659015, 
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yO Alliance Is Out | 


The UO alliance, mehring ІВМ, 
3Com, Hewlett-Packard, Adaptec, 
and Compaq has announced rev. 
partriershigs, a timeline, and details 
of tha Future VO specification, 
designed to increase. by sixteen 
times the current speed of date 
transmíssion beween databases, 
емо printers, and other devices 
that connect 10 а computer. 

For further details, 
check: «www. tho. com. 

Contact: IBM, Tet: (0990) 426426. 


Digital Watermark 
Standard 


The 50 called Galaxy Group of 
consumer electronics companies 
- IBM, NEC, Hitachi, Pioneer and 
Sony - have agreed on a new 
digital ‘watermark’ standard for 
preventing Hegal copying of 
digital matérial. The watermark 
is an indelible binary code 
embedded in each frame of a 
digital recording 50 that a digital 
recording device will refuse to 
make a copy recognised as 
unauthorised, 

For furtiter details, 
check: «www. iB. coco. 
Contact: IBM, Tet (0990). EE 


Upgrade 
‘Available On Sony 
Vaio Modems. 


Portable communications 
'specialist PPCP has announced 
‘GSM, ISDN and 10BaseT 
.Ethemet upgrades for the 56K 
modems bundled with Sony's 
ultra-slim, lightweight Vaio 
notebook range: Once the 
modem is upgraded via a 
Software patch, Valo users can 
send and receive data and faxes 
from virtually any tocation, by 
high-speed analogue or digital 
land-IIne, or by GSM connection. 

Fer further detalis, 
cheek: dread. ppep. co. uk». 
Contact: PPCP, 
Tet (0181) 893 2277, 


| Five Years’ 
Data Salvaged In 
Five Days 


Data recovery firm Ontrack has 
salvaged five years’ worth of 
data for a firm of electrical 
contractors. The company 
recently lost irreptaceable 
financial records rue to a faulty 
shard disk drive. Ontrack saved 
100% of the data in five days. 
Physical] damage had made 
the files on the removable 
media cartridge unreadable. fan 
Goddard Cantracters sent the 
drive back to the manufacturers 
who recommended Ontrack, An 
experienced engineer was then 
able to open it up and examine 
it in the Ontrack clean room. 
AFar further details, 
check: <кич:опігаск-со.ш>, 
Contact: Ontrack, 
Tel: (01372) 741355. 
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: researchers” Шататс goal: 2 


Matel is set to launch a series of Intel powered toys 
ready for next Christmas. The Intet Ру X3 Micmscope 
and Intel Рау Me2Carn, will be avaitabte from Mattel 
in Autumn. The products have been jointly designed 
and developed by а team of engineers and toy 
designers from the wa companies: 

With the Intel Play ХЗ Microscope, children can 
magnify and display microscopic objects on their PC 
screens and then play with the images in creative 
ways. Тһе microscope uses digital video imaging 
technology to let kids view, enlarge and save 
images of bugs, plants and other everyday objects. 


MIT has cómpleted а 40-ton 
magnet that, when combined 
with asimilar magne: іп Japan, 
will sérve as a iest bed for the 


magnet weighing 1.300 tons that 


Shrink To Fit 


IBM has found a way to efficiently place both logic 
and memory circuits on a single. piece of silican 


> enabling complete electronic systems to be built 


an a single silicon chip. 

Logic circuits process information, while 
memory circuits store information; the two are 
used in tandem to add intelligence to electronic 
products. Until now. the two functions have 
normally been provided on separate chips, adding 


: complexity and cost. 


ІВМ claims that this could significantly enhance 
the рейоппапсе of many electronic products, 


* fram personal computers to cell phones to video 


May 1999 


: will be key to ап international 

: experiment on nuclear fusion. 
Some of the technolovies 

: behind the US magnet could 

: also have other applications, For 

: example. it employs novel 

: superconducting cables wound 


The intel Play Me2Cam creates a whole new system, 
of play where childrén see themselves on the 
computer sereen and use their own bodies to navigate 
in а virtual world. The Me2Cam system comes with а 
digital video camera and CD-ROM software. 

Meanvhile Purple Moon, the US start-up that 
attempted to pioneer compuler games aimed at 
girls, has closed its doors. The company cited 
overvihetming competition from major toyrnakers 
fike Майв! and Hasbro, which were able to tie their 
computer game offerings to popular tuys such as 
Barbie and My Little Pony. 

For further details, check: «www. intel . com. 

Contact Intel, tel: (01793) 403000. 
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MIT Team Builds 40-Ton Magnet 


: А US engineering ream led by 


i into 2 сой chat could be adapted 
: for energy storage or to зе 
? disturbances on a power grid. | 
: For further дета, check: 

: <web.mit.edu>. 

; Contact: MIT, 

і Tel: +1 617 253 1000. 
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"Imm. 


games, while reducing the number of chips inside, 
making products smaller and tess expensive. 

With IBM's technology, twenty-four milion 
‘gates’, or circuits - equal to as much as eight 


: times the processing and two to four times the 


memory found on taday's typical PC - can be 
packed on a single chip. 

According to IBM, this removes a major hurdle in 
the electronics miniaturisation rece, clearing ihe 
path to eventual system-on-a-chip products and a 
new wave of pervasive computing devices. ІВМ 
plans to start designing custom chips with this 
capability in April af this year. 

Far further details, check; «www. ibm. con. 

Contact: IBM, Tel: (0990) 426426. 


abom Launches New Pilots 


3Com has added 
two new products to 
its portfolio of 
handheld computing 
products: the Palm 
V and the Palm х 
connected 
organisers. 

The Palm V 
organiser has an 
ultra-thin industrial 
design, convenient 
new features - such 
as a rechargeahle 
battery so the 
device maintains а 
continuous power 
supply - and à full 
line of matching 
accessories. 

The Palm Шх 
organiser, a new 
addition to the Palm 
(1 product fine, is designed for consumers and corporate users who 
require increased storage capacity for data and applications. The 
Palm 1Ік product offers twice the memory, enhanced expendability 
and improved durabifity over the original Palm IN product. 

Both models feature new advanced liquid crystal display screens 
with improved contrast and clarity for easier viewing. The Palm V and 
Palm ilix organisers are available immediately. however UK pricing is 
yet to be announced. 

For further details, check: «ww. 3com. com», 

Contact: 3Cam, Tel: (D118) 927 8200. 
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Young Ones Build Kits 
at RSGB Stand - Olympia 


The Radio Society of Great 


: JAB Components. who provided 

Britain (RSGB) shared asuwd : the kits, youngsters were able to 

with rhe Joint Radio Control : build simple projects and etke 

Users Commiuee (JRCUC) in the : them home afterwards. Video 

Club Village at this year’s : demonstrations. оѓ amateur radio 

International Morel Show at : Were ruüning continueusly on 

Olympia this year. The JRCUC і the stand. 

was formed to negotiate with г Volunteers from the Milton 

the RA on behalf of radio control : Keynes АВС and RSGB, showed 

users to improve frequency young people from seven to 17 

allocations and standards here $ vears old how to solder and 

and in Europe. t consuuct a simple, working, kit, 
With the help of Maplin : There were so many youngsters 

Flectronics and Peter Thomas at : wanting to join in that суо 

: workstations were ser up ой the 

t stand on. sevenil occasions. 

: Nexus, the organisers of the 

t event, thought the stand was 50 

? good that they awanded it The 

i Best Non-Ensineering білге” at 

: the Show! So, hopefully, che 

: exercise can be repeated пехі year, 

: Time will tell whether the 

: enthusiasm ignited in these 

= youngsters will culminate in 

: them gaining an amateur radio 

: licence, bur there are a grear 
делі more people - young and 

t ald - who naw know that 

: amateur radio is still уёгу much 
alive and kicking! 


? has used thermal management 
i software from Flomerics to 

> create a virtually silent 

: multimedia projector. Projectors: 
i of this type of typically noisy due : 
: to intemal cooling fans. = 


: management application from 
: flow, heat flow and temperatures 
і wühin the projector, Philips 


: .and create a system with the 


: component 
: dissipating the 


: end oi the air 


: air was blown 

i straight out of 

: the unit and not 
і er the PCBs. 

> A microprocessor 
t designed to 

> continually read 


: Cray T90 supercomputer to 
? achieve a record level of 


t gigaflop, equivalent to one billion 
: floating point calculations per 

t second -when running КАРО, 
: an advanced automobile crash 

t analysis application. 


Е third Cray T90 system because of 
: the impressive performance. also 
P uses а Gf-processor Silicon Graphics 
: Олошп2000 supercomputer in the 

? crash work. 


Heat Sensitive 
Projector Cuts Noise 


signals generated by the 
: temperature and Row sensors 
i wes installed to contro! the speed 
: of the cooling fans. 

Thanks to this new layout, the 
fan noise, hich can often be a 
: major distraction to listeners is 
t virtually undetectable — operating 
: a just 33dB(A). This is a 
: comparable to that of a human 
: Whispers and claims Philips four 
: times lower than the noise level 
engineers were able optimise ihe : of its closest competitor. 
location of the critical components : Рог further details, check: 
i «www, flomerics. сапр. 
: Contact: Flomerics, 
: Tel: (0181) 941 8370. 


| Philips Creative Display Solutions : 


Using Flotherm, а thermal 


Fiomerics, to determine the air 


coolest possible layout. 
The projection lamp, the 


most heat is 
placed at the 


flow chain, so 
that the hottest 


. n 

Eye Tracking Hardware 
Vision Coniral Systems bas launched an off 
j the shelf eve-tracker system. The application 

integrates a miniature camera, holographic 
optics and signal processing ro rrack rhe 
user's precise point af observation. 

For iuriher cletaits, check: 

И ewwa. visiones. com. 

Contact Vision Control Systems, 

P ты. (0161) 624 0281. 


‘Supercomputer 


Develops Safer Cars 


Гоги is using a Silicon Graphic's 


susttined performance on 
production jobs - more dian onc 


Forl, which recently onlered а 


For further details, check: <www.sgi. con. 
Contact: Silicon Graphits. Tel: (0118) 925 7500. 
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Mind Transplants? 

Ever since Dr Christiaan Barnard perforried 
the world's first human heart transplant in 
1967, hundreds of people have been given a 
few exu years of life thanks to those whose 
internal organs have been made available 
after their deaths for the benefit of others. 
Before thar historic operation, it was 
generally chought that transplants would 
not work because the recipient's body 
would not be able to assimilate them, since 
human bodies are programmed to reject 
invasions of any kind. 

Now it seems that when an organ is 
trinsplanted, something else comes with ir. 
You may have seen the item in the recent 
BBC series Mysteries with Carol Vorderman 
in which a woman named Julie Shambra 
described how her persanality seemed to 
have changed when she was given a new 
kidney. "50 many things changed so 
drastically,” as her mother put it. For 
example, she suddenly showed a great 
enthusiasm for boxing and football, although 
she had not had the slightest interest іп 
either before her operation. She became 
gene@ally more extravert and began to act 
more like a man than a woman on occasions. 

Although doctors usually: do not 
encourage transplant patients to locate the 
families of their donors, Julie Shambra 
managed to find the mather of the young 
black man whose kidney she now had. The 
two women developed a close bond, and 
ihe mother admitted thacher san had 
indeed been a fanatical sports fan. 

I have just come across an even more 
remarkable case dating from 1988, in which 


а 47-year-old woman named Claire Sylvia, a 
drama teacher from Boston, Massachusets, 
Was given а new heart and lung. When she 
had recavered,-2 press conference was held 
in the hospital and a reporter asked her if 
there was anything she would particularly 
like to Have. 

"to teli you the muth,” Claire replied, 
"sight now Ра die for a beer". В was a 
strange thing for a woman who had just 
nearly died io say, especially since she dict 
not Нке beer ап@ never had liked it. She 


і was as surprised as anybody else by her 


remark, за wondered! why. she hat said it. 

A few weeks later, when she was sible to 
drive, she made a bee-line for the local 
Kentucky Fried Chicken shop. Again, she 
asked herself what she was doing, because. 
she had never liked the stuff. She noticed 
several other changes in her personality 
and. on an impulse, set out to discover 
whose hearcand lung she now had. All 
they would tell her atthe hospital was that 
the donor has been an 18-year-old male 
who had been killed in a motorcycle 
accident somewhere in Maine. (It was not 
known if he liked beer and fried chicken, 
but this seemed quite likely.) 

Now the story gets even siranger.. Опе 


: Aight; she had a very unusual dream in 


which she met a young man who, she was 
sure, was the donar of her new hean and 
lung. At the ead of the dream, they kissed 
and Claire felt as if his whole body had 
merged with her own, His name, or rather 
his initials, were TL. 

She happened to describe the dream to a 
iied, whereupon the friend had а dream 


in which he was looking at an item in à 
loca! newspaper араша young man wha 
had «есі in'a motorcycle accident. 

This prompted Claire 10 go to the library 
and search through the Maine newspapers, 
and sure enough she did find Such an item. 
To her astonishment, the name of the 
victim was Tim Lanirande - TL! She located 
his family and was given same information. 
about Tim, including the face that ac the 
time of the accident he had actually been 
carrving a bos of fried chicken with him, 
and he did like beer. Claire was able to visit 
the scene of the accident and also to visit 
Tim's grave, and became convinced that she 
and he were permanently linked, although 
she insisted that she had anlv picked up 
same of his likes and dislikes and had nor 
been entirely taken over by him. All rhe 
same, Tim's sister dic mention thai Claire 
somehow reminded her of her brother. 

As for Claire herself, she believed that 
knowing her donors identity was vitally 
important to. Пет іп helping her body to 
accept a foreign organ, and to go on living 
3 good deal longer than the average 
recipient af s heart and lung. 

Not everybody agrees with her. The head 
of the transplant unit at the Hospital where 
she had her operation would have none of 
it. He was strongly opposed to the idea of 
letting recipients find out who their donors 
were, anc rejected the notion of ‘cellular 
memory" out-of hand. "To the best of 
anvone's knowledge,” he declared, “it does 
not exist.” Her surgeon would not even 
discuss the matter. 

Cases like those of Claire and Julie are rare, 
and several transplant recipients who have 
been questioned have not mentioned feeling 
any different, personalitv-xise, since their 
operations, However, we only need one 
good case to establish the possibility char 
some of cur personalities may be distributed 
around the Ікхі; and the cases of both thése 
two women seem го have been well 
witnessed by independent observers. 

Obviously we need more evidence - and 
it may not be easy to get it~ before we leap 
10 any conclusions. Yet I see that the 
phrase ‘trait wansfer has already been used 
by same enterprising researchers in Israel 
(I am making further inquiries there) anc! it 
may indeed be thar when somebody is 
given a piece of somebody else's body, they 
are also given 2 piece of their mind. 


Uri Geller's novel Ella is published by 
Headline Féature at £5.99, and his Litle Book 
-OF MindPower by-Robson ‘Books ar 5250, 
and Jonathon Margolis" Uri Geller Magician 

or Mystic? by Orion Books at 517,29. 


Visit him at www. teom. co. uk/hpnet/ 
and e-mail him at urigel ler&eomnuserve. соп 


K 
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Almost every element in tbe audio chain is now 
digital. Except perbaps tbe most important - іре 
loudspeaker. But that could be about to change. 
Here Stepben Waddington looks at a new speaker 
technology that could see tbe first truly digital 
audio systenis witbin tbe next two years. 


Cambridge based company claims to 
have invented the work?s digital 


loudspeaker (DLS) rechnology and 

has announced plans to commercialise the 
technology within the nest nwo years. That 
company, curiously named +... Limited is 
now set to license its technology to 
develapment partners araund the world. 

The 1... Limited DLS is based on a 
fundamentally new design approach. Based 
on a flat panel matris of novel piezc-elecuic 
long-throw transducers, the speakers are 
driven via digital, rather than conventional 


Feature 


? analogue signals. In this way 1... Limited 


t сінігі that it can conirol the direction and 
і malio levels emitted from the DLS more 

t accurately than with any other existing 

: audio technology - delivering significanily 
> advanced sound quality 


| What's in a Мате 


1... Limited і5 а three-year с! company, 


: created 10 research and develop digital 
i loudspeaker technology. Based іп 
і Cambridge, the company is headed by Dr 


Benent m 


Al) digital,’ allowing di direct connection to digital sources, inching СО,” 


OVD ard digital radio and TV 
"Fist or other ravet cnafiguraxions 

-Unter in weight, tess bulky 

Cannot ba verdiren 

Speakers identical. 

Single speaker covers entire audibiz frequency range 
Modutar construction 


Better quality and simpler interface 


: Tony Hooley, a Cavendish Laboratory, 
і Cambridge University physics PhD and a 
i one-time ІВМ Research Fellow at the 


Institute of Astranomy, Cambridge. 
1... Limited currently consists of three 


: staff, with a further six academic researchers 
2 based with the universities of Cambridge. 

i Bicmingham and Paris, working under 

і contract to the company under the 


leadership of Dr Hooley. The company has 
more than 15 patent applications in the area 
of loudspeaker technalogy. These 
applications теше to bath the electronic 
and mechanical properties of the DLS. 


Weak Link 


According to I... limited conventional 
loudspeakers are by far the weakest link in 


: the chain between recording live sound and 
: reproducing it. Modern microphones.have 
: near perfect performarice. 


Low noise electronics and digital recording 


і and playback systems (such as DAT, Compact 
і Disc and DVD), together with the latest 

? power aniplifier electronics can produce 

і nearly ideal performance, with distortion 

i levels in the best equipment well below the 
i 0.005% level. 


: Unchanged Melody 

Е By contrast, the very best conventional 
? loudspeakers operate at about the 0.5% 
: distortion level (100 times worse) and 

: standard moderately priced hi-fi system 
+ loudspeakers often have worse than 1% 
і distortion levels, particularly when 

+ aperating at the higher power levels. 


Мапу design and installation possiisiities 
Less intrusive, easier to mount, and tà moe: 


Very robust and дня without sis 
No pair matching problems 
No v« 


of damage 


fers and tweeters, Qt. апаю Crnss-uver ertelects © 


Mass production techniques wil make core components very cheep 
Consumes almost zero Bower when no sound beng produced 


Simultaneous muti-cheanel Signals can be brosdcast from centra! control unit 
to speshers in venous rooms. 


Ма hem эре cables required. Signals ғалап ірді to speakers by radio 
No апае eross-o.er filers needed 

No Power Amplifier 

No D to А comer 


Table 1. Features and Benefits of DLS Technology. 
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Clip-on additonal identical elements to төгө quality further er increase sound beret 
Potential how cost, but high qualay end гейнінілу 
Rüns соб, could leave; Оп penrenantly 


‘Convenience and flesbitizy 


Can be vire-Jess connected to signal source No cabling problems 
Reduces system cost, impimes quality 

Reduces sysiem cost and power consumption.and thus heat output 
Reduces system cost 


When you consider that most conventional 
loudspeakers 25 shown in Photo 1 are 
almost unchanged from the original moving 
coil speaker invented in the 1920s this is not 
too surprising, rhe principal improvements 
being mainly in materials: better magnets, 
better сопе materials, and better suspension 
materials, with some contribution from 
beter design practices. 

Such analogue speakers generally 
require a fairy heavy and bulky cabinét thar 
makes them essernially fixed items, 
especially when taken together with the 
heavy power-earrving foucdspeaker cables 
connecing them to the power amplifier. 
These cables arc heavy gauge because 
conventional speakers are inefficient, and 
convert only about 1% of rheir electrícal 
input power into sounit, 

Thus а TW acoustic output loudspeaker 
needs approximately 100W of electrical 
input power: hence speaker heavy cables. А 
further consequence of this inefficiency, is 
thar these loudspeakers require high-power 
amplifiers to generate the 100W or so of 
input drive power, the vast majarity of 
which is dissipated as heat within the 
loudspeaker, Such amplifiers also generare 
considerable hear, require bulky heat-sinks 
and power supplies, and add considerably 
to the cost ofa ВЕВ system. 


Benefits of a Digital 
Loudspeaker · 


1... Limited's DLS technology tackles all of 
ihese problems. The company is aiming for 
an initial target of less than 0.1% distarüon 
lor the first production designs, with 
increment improvementis thereafter, Thus 
1... Limited's first digitali loudspeakers will 
be of bener quality than can be bought at 
any price currently. 

Because the DLS is entirely digital. its does 
not require а bulky analogue power amplificr; 
and so this component is entirely absent from 
the system. The heavy gauge speaker cables 
disappear тоо as-there is no power amplifier 
far them to connect to - and the digital drive 
ensures аг the DLS is impossible to damage 
by input signal overload, 

As the DLS requires only digital input 
signals, these can be uansmittéd to the 
speakers by wireless or infra-red with по 
loss of quality using modern error 
correcting systems as required. Thus the 
21.55 have much more potential for being 
moved about the house, for examplc. 

Because 1... Limited believes thar it will be 
able to make much more efficient digital 
loudspeakers, a 3W output DLS might require 
only 2W to 10W Gnstead of 1008) of input 
power, and so operation from small 
rechargeable baueries becomes quite feasible. 
Thus no mains cable i5 required either. 

1... Limited's transducers are much flatter 
than conventional high power loudspeakers 
allowing the possibility of smaller and 
lighter cahinets. A further novel technology 
the сотрапу is developing raises the 
possibility of completely eliminating the need 
for a loudspeaker enclosure, thus further 
reducing the weight and bulk of the DLS. 


‘Photo 2 Tony Hooley with the Mark ‘Il version of the DES, 


Elegant Solution 


The features and benefits of 1... Limited's 
DLS technology versus а traditional 
loudspeaker is shown in Table 1, All of these 
features taken togeiher present thé option 
of truly porabile; wireless, hi-fi loudspeakers 
of top quality and high output level, but of 
light weight, low bulk and easy placement. A 
product concept for a digital loudspeaker 
incarporating these fearures is shown in 
Photo 2. They could be carried from room 
10 room in the home, used in the bathroom 
or bedroom, on the patio, in the garden or 
by the pool In commercial use, the benefits 
of ease of setup and transportation. and 
overioad-proof ruggedness, are unique. 


DLS Technology 


1... Limited's approach to loudspeaker 
design is radically diferent from 
conventional models, A schematic for the 
DIS is shown in Photo 3 The company 
replaces thé one ar two large analogue 
driver units found in most conventional 


loudspeakers with an array of very many, 
very small but identical digital driver units of 
novel design, each of which is driven 
separately by its own unique sequence of 
digital pulses. Photo 4 shows a pratatype of 
such an arrangement using piezo-electric - 
transducers found in fire alarms - sourced. 
incidentally, (ram Maplin Elecironics, 

A digital signal processing unit encodes 
input digital signals usually in binary code, 
into a very wide unary cade which has 
uniquely useful properties for electro- 
acoustic conversion, among which are 
freedom from mosily-zeroes го mostly-ones 
code changes, and absence of high precision 
matching requirements in the transducers. 

The signal processing also addresses other 
issues such as the ability го smoothly handle 
very loud and very soft signats (dynamic 
range), as well as gaiforing the directional 
nature of the loudspeaker to suit the listening 
conditions, something virtually impossible to 
achieve with conventional loudspeakers, 

‘the transducers themselves are very tiny 
(order of 10mm diameter) and vet taken 
rogether as an array are capable of 
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reproducing the full range of sounds 
normally covered oniv by combinations of 
large and small ‘woofer’ anc 'twceeter 
conventional speakers. This puts some 
severe demands on. these transducers which 
accounts for their novel design. Side 
benefits of ihe design are much heuer 
efficiency and ease of housing. 


How it Works. 


The operation of the DLS can be likened to 
that of the display on a laptop computer. [п 
such a display, the screen is made up of a 


. GTP ELECTRONICS AND BEYOND May 1999 


large number of itlentical picture elements, 
or pixels. Fach pixel ean be turned on or off, 
independently. When looked at very closely. 


Photo 4. . 
The BLS is 
constructed 
from an array 
of transducers. 
This early stage 
prototype uses 
plezo-electric 
transducers. 


Photo &. Tha efactronic.spritg whieh contracts on the application of a voltage will farm thé basis of the transducer in the DLS. 


through а magaifying glass no сібрілуегі 
image will be seen - jusi а small collection of 
biack or white squares. However, standing 
back front the display one sees the whole 
array of pixels and the displayed image is 
visible. Note that no single pixel on the 
screen representi all of the image, just a 
focal portion of it. 

In thé same way, 1... Limited's signat 
processing electronics distributes 
components of the sound signal amongst 
the elements of the transducer array, driving 
each element with a unique signal, Listening 
10 any one element you would not hear the 
sound that was to be reproduced, just some 
peculiar series of high-speed clicks, However, 
by standing back irom the whole array so 
that your ears received signals from all of the 
clements, and adding all of their signals 
tageiher in your cars, the sound would 
become apparent ta you, just as the image 
on the display appeared, ss descrihed above. 


Electronic Spring 


in November 1998, 1... Limited, announced 
the basis of ihe electronic transducer chat 
wili form the ‘pixel’ elements within the 


Тһе digital loudspeaker's 
large array of independently-. 
т driven Нпу transducers In a 
Protective grille 


‘Transducer array 


slim compact format, ensures 

ы “the highest,quality sound ;. 
i ©, i free from resonances and. 
distotion. — - TW 


t 


| "ifinite-Batfie". 


- Rechargable battery: 
~ Digital Wireless link 
~ DSP System : 


~ 7 


Infra-Red receiver. ___— = 


= ‘Leds indicating charge, | 
kin — US Р” Independentiy driven pulse 
Tapered connector * transducers. -~ ; z 


. . Chargerstand — 


‘Mains power indicator 


Photo 6. Prodüct concept for a DLS. Benefits 
Include portability, wireless connectivity and 
hi-fi loudspeakers of top quality and high 


output level that are easy to place. 


DES. Working with its technology partner, 
the University of Birmingham 
Interdisciplinary Research Centre (ТЕС) for 
Materials, 1... Limited defied electronic and 
mechanical conventions to create an 
electronic spring, termed a helical PZT 
ceramic bender as shown in Photo 5. 

The electronic spring device contracts and 
expands when a voltage is applied, providing 
the basis for a moror-like DLS transducer, Up 
until this point it was thought impossible to 
manufacture a multi-layer ceramic device in 
a helical arrangement. 

Buc the electronic spring was niade 
possible by the novel ceramics plastic- 
extrusion processing development spear- 
headed by Dr. David Pearce at Birmingham. 
The elecironic spring will be used in 20mm 
lengths to farm the basis of individual 
transducers that are ser 10 make-up 
commercial versions of 1... Limited's digital 
loudspeaker (DLS), 

Despite their minute size, che wansducers 
themselves are capable of reproducing (һе 
full range of sounds normally covered опу 
by combinations of large and smali woofer 
and 'tweeter' conventional speakers. 

1... Limited's new transducer will consist 
of just three parts: іне outer helical bender, 
an inner cylindrical piston made of 
extremely low density material,and a gas- 
filled bearing berween the mo which allows 
ihe piston to move freely along the axis of 
the helix with essentially zero friction. 


In operation, the cone-like deformations 


: of the helical bender squeeze the gas 

: bearing radially, which іп sam imparts axial 
: forces io the piston which rolls on the 

: béaring up and down the centre of the 

: helix up to 10mm in either direction. 


Development of rhe unique bearing 


: structure is now also making good progress 
: anda demonsiration bearing is expected 
: within the next rwo months, after which an 


enüre iransducer assembly will be possible. 


Future Plans 


: Having developed the DLS ta an initial 
: prototype stage as shown in Photo 6, 1... *` 


Limited is set 10 build on existing academic. 
partnerships and forge new relationships 
with companies with proven expertise in 
traditional loudspeaker technology and 
leading-edge areas af technology such as 
piezo-lectrics and electro-magnetics in а 
bid to commercialise its core technology: 

In шу 1997, use 1... Limited DLS project 


: entered its second phase, partly funded by 


OTE SPUR Award. Phase I was a feasibility 


: study to shox that recognisable sound could 
: be produced using an array of transducers 

: emitting only acoustic pulses. In Phase II, 1.. 

: Limited is actively designing and investigating 


the novel transducer technologies necessary 


: to build a commercial device as well as 
: refining the necessary digital signal 


processing algorithms, 


: Another Cambridge 

. Success? 

: Burwillthe DIS succeed? Danny Chapchal boss 
: of neighbouring CDT in Cambridge reckons 1... 
: Limited has taken the right approach, 


“i. Limited is in a very similar position 
to that of CDT two years ago, when I initially 


i came on board. Like CDT, the company has 
: developed a technology in the form of the 

: digra) loudspeaker, that has ihe potential to 
i distodge a more traditional solutian, and 


thus impact world markers worth millions of 


: dollars annually: 


"Interestingly 1... Limited has recognised the 
needs to inflow a business straregy of licensing 
and partnership in order to deliver the 


: technology to market as early as possible. This 


isa new approach for Cambridge companies 
that have traditionally tried to go it atone. 


: СОТ and ARM arc the exceptions to the cule. 


“Rvo years ago I set in placé a plan of 


: commercial parinerships and licensing 
> arrangement at СОТ. By working with 


companies such as DuPont and Philips. Seiko- 


: Epson. Hoechst, утах and IDF we have been 
t able to progress the technology and reach 


rharkets far faster than we would have alone. 
"Froma technology stand point, СОТУ 


: LEP products and 1... Limited's digital 

: loudspeakers have the potential to radically 
: impact the consumer electronics industry. 

: The similarities and porential synergies from 
? both a business and technology perspective 


between CDT and 1... Iimited ane uncanny.” 
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ADVERTISEMENT 


: ^ ? will line up on the taxi-way; canopies up, — C 
Кол a J Vi tern CAEL OVALE оте iy the 
- 4 ww» : national flags of NATO countries. Overhead 
E : Allied and former Eastern Bloc aircraft will 
fly past in a soaring demonsimition of 
international friendship, led by the world 
famous Red Arrows. 


: The NATO "Pit Stop' 


eceseoscccose0í660606000000€6€60029?*9** Challenge 


In Parin ersbip witb BRITISH AEROSPACE > This unique contest will see NATO engineers 
RAF Fairford Gloucestershire, 24/25 July. __onred alen, racing against the clock and each 


= other to equip aircraft for another sonic. The 

= teams will work on aircraft deployed by опе of 

> their NATO parmers, so you could be 

: watching the RAF preparing a MiG-29 for 

: combat Look out for the "Pit Stop Challenge 

= at the centre of the show - the finals will be 
run on Sunday 25 july. 


: See you in Fighter 
: Country 


: "The Guardians of the Sky come down to 

: earth for Showcase N ATO, a living museum 

: declicated to the aircraft; work and history of 

: the Alliance. In an airshow first, the vast 

? ground-based display will lead vou through 

: Fighter Country Strike Country, АННЕ 

: Country and other spectacular NATO themes 

: ro the elegant striped aircraft of ‘Tiger Town’. 

: Along the way you will have your chance to 

talk о international aircrew and take alook 
at some of their mean machines, 


: 75 Years of The Royal 
‚ Auxiliary Air Force 

: Formed by Lord trenchard in 1924, е 

: Auxiliary Air Force Squadrons went on to fly 

: with great distinction during World War I- an 
> esprit de corps which persuaded King George 


We have lift-off! 


‘fhe Royal International Air Tanco will send 
you into orbit with high-fying airshow 
entertainment, As well as а sensational 
eight-hour flying display performed by real- 
Ше Тор Guns, there will be а full wwo miles 
ol parked hardware, hot air balloons, the 
razzamatazz of milirary bands, 512115, 
exhibits, roadshows and much more 
besides. The magnificent 11 Frecce Tricalori 
will head the list of national aerobatics 
teams to say Happy 35th Birthday to the 
famous RAF Red Arrows: 

іп all, over 450 of the word's greatest 
аїссгай wiil appear at the show - for Tattoo 
visitors, size does matier. 


Spotlight on NATO 


You've seen them an rhe news, you've read 
about them in the newspapers. Now the 
vairborne might of NATO will roar into RAF 
Fairford for a mammoth 50th anniversary 
celebration. Highlighting aircraft from both 
sides of the Iron Curtain, the unfolding 
drama in the skies will evoke the tense 
décadés of ihe Coki War, the fall of the 
Berlin Wall, and operations in Sarajevo. And 
the very latest зігсган - brisding with new 
technology - will demonstrate NATO's 
‘power for peace" into the 21st century, Fast 
will meet West in an horizon-wile finale, 
opened by the dare-devil Falcons Parachute 
Team of the Royal Air Force. Over 50 aircraft 
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VI to confer the Roval prefix on the service. 
"Today's Royal Auxiliary Air Force will 

celebrate its 75th anniversary by inviting Air 
Force Reserves from around the world to 
join in ап hour long fying pageant. But for 
many, the siar of che show will be a Battle of 
Britain Memorial Flight Spitfire which the 
AAF flew to glory mare than 50 years ago, 
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“ADVERTISEMENT. 


Strike up the Band 


Roval Air Farce and NATO musicians will be 
in foot-stomping form as they play a free 
two-hour sunset concert, What's more, the 


: stirring music will launch over 40 multi- 

? coloured hot air balloons into the evening 

t sky above RAF Fairford, The latest big 
screen technology will give you close-ups of 

: the ascent and of individual performers on 

? sage, In fact, all the day's action will be 


captured on big screens - including pilots 
preparing io display at the Tattoo, 


: Timetable : 


The gates to RAF Fairford open at 6.30am 
on Saturday and Sunday. The flying display 
starts at 10.00ат, but in the meantime 
ground entertainment will be in full swing 


і as strolling players, jugglers and jazz bands 
: зе фе scene for thé Summer's most 
i exciting day out. 


Enthusiast Day - 


1 Friday 23 July 


For the-lirst time The Royal International Ait 


; Tattoo will open its gates to the public on 
+ Friday- giving aviation enthusiasts а sneak 
: preview ol the parked aircraft on show at the 
: world's higgese militaryairfest. Ir мао be a 
i big day for keen photographers who imunity 


want clear shots of all this exotic hardware 


: Before thé crowds arrive for the weekend. 


Only 5,000 preview tickets are available 


(adüits £19.95 is-advance - £25 on the day 


t ChildrenzI5 and under free). Сай 01285 ` 
: 713456.Юг information and bookings. 


Tattoo Hotline 


0891 122999 


Just a phone call away - info on aircraft, 


: facilities, attractions and БІЛЕ 99 ticket 


prices. With the press of a burtan you ean 
also buy your advance airshow tickets on 
the Hotline, Saving over £5, Adulradvance 
tickets £19.95 (£25 on the day). Children 15 


: and under free, 


(Calls to 0891 numbers cost 3Op per 


: ininute, of which 15р per minute is donated 
: fo The RAF Benevolent Fund Enterprises, 
: PO Box 1940, Fairford, Glas СІ? АУА). 


Tickets purchased direct from RAFBFE et 


i БАҒ Fairford automatically incur a £2.00 
: per order administration charge). 


Advance ückets also available from branches 


| : of Waitrose and Victoria Wine. For discounted 
: group bookings (25 tickets or more) phis RIAT 


99 enquiries, phone 01285 713156. 


Website : мым. airtattoo.com- 
regularly updated with the latesi news from 


: The Royal International Air Tattoo 1999, 


Fairford, Glos, GL7 АМА. 
40+ | * 


Postcode: 
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SPOT-THE-DIFFERENCE DRAW! 


WE HAVE 15 PAIRS OF ADULT TICKETS 
FOR THIS SPECTACULAR DAY GUT! 


See reverse of coupon (page 14) for competition details. Cut-out or photocopy both pages and send dg to: 
RIATOOS, Royal International Air Tattoo 99 Competition, RAF Benevolent:Fund Enterprises, PO Box 1940, 


DATA PROTECTION ACT 1998: From time to time the RAF Benevolent Fund Enterprises may wish to send you details of other 
events and services which they feel may be of interest to you. Please tick И you do not wish to receive this information. 


a eT umorem oma na 2e na ee абы ыш ыл! 
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Write to: > 
Electronics and Beyond, 
FO. Box 777, 

Rayleigh, Essex 556 811. 


gepresssnnhapssexosasecosoevevetevevosesesoseresetontvsseeeesssssune 
i are already fined with a 140 

і resistor, not for gendy 

t discharging electrostatic energy 
t but to protect rhe operator. А 
ESD Tools - Are They Important? : 


Charged Up 


Dear Sir, 
1 was surprised by the article 


in issue 135 page 70. The article 
doesn't conform to what I had 
understood as the principles of 
electrostatic protection. 

if a component is charged 
then this does not initially 
mauer as long as all pins are at 
the same potential. If wrapped 
in something (such as i 
conductive lonn) hu | 
elecuicallv ries all pins together 
then no harm will come when 
the entire chipAvrapper 
combination is brought io rhe 
same (езгі) porendal as the 
workhench, operator, ctc. 

The idea af 3 partially 
conductive tool offering a 
resistance "...of between IFO 
and НУО..." is spurious. Wrist 
straps and similar earth drains 


. E-máll your views 
and comments to: 


AYV@maptin. 
demon.co.uk 


So, a little more series 


: resistance makes no real 

і difference. The electrostatic 

i voltage is extremely high but 

: the amount of total charge is 

> small. It's fike a capacitor of a 

: few pF charged to many 

> thousands of уой. Remember 
* the equation ОС = V giving a 


high voltage from а small charge 


: if capacity is low I think these 
: tools are a menace. Someone 
? could absent-mindedly pick one £ 
: ofthe bench to repair a live 

: circuit. Not being insulated (for 
* example, to VDE standards as 
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[International 

Air Tattoo 1538 
t| RAF FATRFORD GEOS 
24-25 JULY 


Give Science 
A Chance! 


Dear Sir 


if this is what Mr. Aldous really 
ios, let's have some truly 


Scientific investigation into ‘things : 


: Why did David Aldous go to all the 
: effort to come up with his detector 


that go bump in the night" now! 
Science has already proven 

that the ‘hearing of voices’ is 

nothing more than a clinical 


= condition that causes the persons 


аага, to talk to themselves. 
Without doubr, 1he scriptures 


had this affliction, or were 
simply lying through their teeth. 
Either way, we simply haven't 


: ро time to wirt around, 


another few thousand years, 
until these present day fantasies 


: become ancient mythology: 


Yours aye, 
Douga! Paterson. 
Via e-mail 


if it was not a ‘scientific’ attempt 


: to investigate the paranormal? 

: Іпа few thousand years what 

: you believe to be fantasies may 
- well be scientific fact. We have 
ES 275 { 5 : not seen any conclusive proof 
are full of individuals who either t Oni К ог ще обе 
: month we will be publishing an 


: Interesting article by Graham 


Marett, for all you doubters! 
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t referred 10 in the article) а 

: shock is possible, especially if 

: resistance is only of the order of 
: 10:0. The best tools for static 
direct 230V mains contact would : 
: be limited 10 causing a flow of 
: 23024 through the operatar's 
: bady, preventing a fatal shock. 
: This works like a mains neon : 
2 screwdriver tesier in this respect. : 


avoidance would be all-nietal 


: with no insulating grips on the 


handlés. I hope you'd print this 


: to sce Шапуопе else agrees. 


Dr. G. L Manning 
Edgware 
Middlesex 


* 1 do not belleve wrist straps 

: came about to protect the user 

: from the mains, but because of 

: potential problems handiing 

: static sensitive devices - did any 
: of us use them when playing with 
: valve equipment? To be fair you 

: cannot afford to be absent- 


minded when ‘playing’ with 


: mains, or any high voltage 
: equipment. Suppose the board 
: you were working on was 


effectively at earth, and you 


: were not, and nicely charged-up, 
: where would the charge most 
= likely leak too? 


Mobile Charger 


Dear Sir 
Being on the move fairly 
reeularly, I find the batiery in 
the laptop computer will not 
last the day, and ir is not always 
possible to arrange a recharge, 
as, it seems, most laptops 
require 17/18V at an amp orc so 
to recharge’ the internal banery, 
this rules out the use оға 12V 
car battery. 

Perhaps the staff in your 
design depariment could came 
up with a project to enable the 


: laptop to be charged from a 


12V vehicle battery 
Colin Coker 
Newton Abbot 


: А quick took at the fatest Maplin 


Catalogue brought me to page 
1125 where | found the LM2577 
Step-Up Voltage Regulatar 
(order code AD90X), which may 
weli meet your requirements. 
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different uses ranging from 
detecting studs in walls ro 
searching for archaeological 
artefacts or treasure buned in 
the ground. There ure also 
mans applications in incustn: 

% Over ilie years, a variety af 
different methods have becn 

4 visexd for remorely d ing 
and locuin metal objects. The 
technologies used vary 

sitterab 
application: In this article we 
look аға selection of different 
types of metal detectar and 
investigate the general theory 
behind the devices, Some practical 
consideratinns are also covered 
The simplest circuits are 

designed! to detect the 
presence of metal objecis 
independent of composition 
and do nor provide any further 
informadon about the 
propenies ofthe materi 
detected. More specialised 
detectors allow discrimination 
between metals oi difierent 
types сн respand ony ta 
ferrous metals. The-circuits and 
ideas clis ed are intended as 
examples and may require 
considerable development and 
modification in order to 
prexluce a working unit. 


} i , i 
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Some Examples 
Most simpte metal detectors 
and some more spe 
types metke use of pr 
effects whereby the prese 
of metal close to а search coil 
modifies the characzeristics of 
the circuit, Mert detectors of 
the Beat Frequency Oscillator 
or BFO type operate using this 
principle. Figure 1 shows the 
bluck diagram of a simple 
теш derecror usin 
principle. The detector is base 
% : ой ще principle thar the 

: resonant frequency of 2 tuned 
circuit varies i£ a metal ohject is 
placed in close proximity. Ithe 
tuned circuit forms part of an 
oscillator then the output 
frequency will be modified by 
the presence of a merat object. 
The variation іп ourput 
frequency depends on the 
oscillator frequency chosen. In 
general, the bisher the 
frequency the greater the 
change and the more sensitive 
the circuit, However, if the 
frequency is'to0 high, the 
practical range may be reduced 
by the absorption effects of 
soil. building materials ere. Ina 
practical circuit. the oscillator 
oien operates at a frequency 
well outside. the range of 


v 
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in part one, Gavin Cheeseman loops ut 
j: sonté of the fundamentals of metal 
detecting, and discusses possible circuits. 
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resonance of the search coil 
tuned circuit is required io pul! 


human hearing and therelore it 


operuing al 2 xed frequency, 2 the response of the amplifier at 
is Necessary to provide some : 


The output of the two озсШаюг : high frequencies which could 


[EDI 
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indication that the resonant the oscillators out af lock апа : stages is fed to Әз via limiting . : otherwise result in undesirable 
frequency ік changed. ВЕО : onto differen: frequencies. i resistors. D1 introduces a non- : effects, The gain required from 
metal detectors do this by + Once again, this effect results in 2 linear elemenr into the signal і the audio amplifier will depend 
mixing or beating the output of 2 reduced sensitivity but can be $ path that effectively mixes (һе 1 on the amplitude of rhe signal 
the oscillator with iai ofa Ғ useful in some applications. : гхо oscillator frequencies. Thé 2 at D1. Tiisin tum dépends оп 
second (fixed frequency) : Hpum2showsacircuirexaniple 2 result is an output rich in : the oscillaror frequency and the 
oscillator to produce a mixing — : ofzdetecior based on the beat i frequencies corresponding 10 : Q ofthe tuned circuits amongst 
product or beat nate’ within i frequency principle. The circuit | the sum and difference of the ? other factors. The pain of the 
the audible range. 1n simplified : shown is intended ro illustrate 2 two oscillator frequencies and ? audio amplifier is determined 
designs the functions of more ? how simple design techniques Í assaciared harmonics. The : by the value of resistors R7 and 
than one of the stages shown `i nav be used to produce this i oscillators are tuned to operate : 810. in some applications it 
may often be performed by one 1 rype of derecror..Componenr : on closely adjacent frequencies $ тау be desirable го drive а 
active component and the knv 1 values shown ire approximate. £ such thai the difference і small loudspeaker. Where this is 
pass filter may be as simple аза ? Because some parameters will $ frequency falls within the > the case the otirpucat P3 could 
capacitor and a resistor. P vary depending on the chosen. i audible region. For example if ? be connecied to a small power 
The frequency of one ofthe i operadüng frequency. some : опе osdillmor is tuned to !00КН7 = amplifier. 
reo oscillators is normally і values ure amined. + and the second oscillator is : — Because the design of the 
acjustable to allow the most : Inductor LI forms the search : wined 0 101kHz this will result È circuit is very simple it will tend 
appropriate audio frequency to $ coil and is resonated by variable f in a difference frequency of : го suffer from problems such as 
be selected. This is not simply 1 capacitor УСТ to formahighQ $ 1kHz Theautputofthediode | frequency drift. This is not 
for the canifort of the listener. і tuned circuit. The tuned circuit È mixer is fed to an audio amplifier 2 always а serious prablem. 
Variations in pitch аге more і forms part of an oscillator stage 2 comprising IClantlassociated і However where necessary 
обоих at some frequencies P based around field effect і components. This stage is based È unwanted drift can be reduced 
than others. Н is also possible — : transistor ТКА and associated $ around a standard operational — 5 considerably by regulating the 
to ‘Zero beat’ the two oscillutors 2 components. УСЗ allows the ? amplifierand would normally be : supply voltage-and using: high 
so that the output is silent * operating frequency of the і capable of driving a high > tolerance capacitors with the 
unter normal concitions. When $ осШағаг to һе varied. A second : impedance earpiece or : appropriate temperature 
a metal object is derected, tbe £ oscillator stage is formed by 12, : headphones: The value of 1 coeficient Component layout 
frequency of ihe search coil : С$. CS. Rf and ТЕЗ, ihis іше + capacitor C9 is chosen to limit — : also plays an important part. 


oscillator changes producing an 
audible output corresponding 
to che difference in frequency 
beween rhe pvo oscillators. 
When used in this way the 
detector will effectively be less 
sensitive as stight changes tend 
10 result in only small changes 
in frequency. Therefore the 
audio nore produced may be : 
below audible frequency range. /: 
Also, depending on the designe 
and coupling armmeements, 
ihere is sometimes а téndency 
for the iwo oscillators to z 
ашап Шу lock to the same |! |: Figure 1. " 
frequency. If this occurs, 3 Beat Frequency 


considerable change in the gerat Not. 


ПЕТТЕ 


TIT 
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a | 
Figure 2. tllustrative example of Beat Frequency metal detector circuit. 
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Search Coil Design 


The size and form of the search 
coil depends on the required 
sensitivity of the detector and 
on dimensional restrictions 
determined by the application. 
Also, different npes of search 
coil provide varying degrees of 
accuracy. For example, che сой 
used in а simple handheld — 
detector of the туре often used 
in the: building industry is 
normilly relatively small so us to 
allow for compacti construction 
and accuracy when determining 
the position of metal objects in 
walls etc. Conversely detectors 
used for locating objects buried 
in the ground normally have 
much larger search coils to 
provide high sensitiviry-and are 
not usually required ro be 
particulary compact. However, 
а larger diameter coil may mean 
a reduction in accuracy: The 
shape of the coil can also have 
considerthle influence on the 
overall response af the detector. 
A simple linear coil wound on 
an open former mav be used 
fora hand held unit where it is 
intended for use at close range. 
In more specialised metal 
detectors, circular or square 
search coils are common, 


2 А further consideration in 

t relation to search сой forming 
part of a resonant circuit is the 
affect of non mezallic objccis on 
Ше Q and resanance of the 
tuned circuit. These effecrs аге” 
often related 10 capacitive 
loading of the circuit by nearby 
objects and can result in 
spurinus operztion whereby the 
vircuit acts as if it is detecting 
metal when there is in fact no 
metal present. Capacitive effects 
can be reduced by the use-of an 
earthed non-ferrous shield 
placed around the search coil. 
This shiclds the coil from 
electrostatic influences but has 
negligible effect on the magnetic 
characteristics of the circuit. 


Other Resonant 
Detectors 


There is anather form of 
detector that also makes use of 
the detuning effects of metal on 
a resonant toned circuit. Figure 
3 provides a conceprual 
illustration. A fied frequency 
oscillator is used to drive a tuned 
circuit comprising rhe search 
coil and a variable capacitance. 
The iaductance of the search 
coil and the associated capacitor 


Figure 3, Block Diagram of a 
resonant detector using a 
fixed frequency oscillator. 


Figure 4. Using a 
comparator to 
operate a small 
plazo buzzer on 
reaching a specific 
Input voltage level. 
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are chosen so that the runing 
range of the tuned circuit 
covers the oscillator frequency: 
In use the detector is placed in 
a position away from metallic 
objects and the ішпей circuit is 
adjusted to resonate at the. 
oscillator frequency using the 
variable capacitor. When 
correctly adjusted, this results 
in a peak in ошрш signal level. 
Moving the search coil clase tà 
а metal object results йз a shift 
in the resonant frequeacy of the 
tuned circuit; however, this 
ime the oscillator frequency is 
fixed and as a result the signal 
level developed across the 
tuned circuit drops. For the 
circuit to work effectively, the 
oscillator must exhibit good 
frequency stability. A simple 
method to ensure that the 
frequency remains stable is ко 
use an oscillator circuit based 
on а quartz crystal, Relatively 
simple but effective detectors 
providing a reasonable level of 
sensitivity can be produced 


using this principle. As with 
most simple metal detectors, 
the sensitivity is determined by 
the size and shape of the search 
coil. The practical sensitivin of 
the circuit is also determined by 
the тепкі gf indication, For 
example, the volage developed 
across the tuned circuit could 
be buffered, rectified and used 
о drive a mixving coil meter. 
With carefu! circuit design 
making use af sible, high 
tolerance components ir is 
possible го achieve good 
sensitivitv The voltage produced 
could also bé used to drive a 
volare controlled audio 
frequency oscillator to give an 
audible indication. 

It is also simple to set a 
‘detect’ threshold by connecting 
i comparator to the DC auiput 
of tlie circuit. Ап example of 
Покі may be achievert is 
shown in Figure 4. By sering а 
specific switching threshold for 
the comparator, the circuit сап 
bearranped го produces 


May 1999 ELECTRONICS AND BEYOND ЖҰ» 


10k Cermet 


L1 = 100uH choke (JC25C) 
BZ1 = PCB buzzer (KU5BN) 
Bi = PP3 9V, $1 = Push switch (FH59P) 
LED1 = Red LED (WL27E) 


Figure 5. Example of a simple ІС based metal detector circuit. 


switched output when metal is 
detected. In the example-this is 
used to drive a small piezo 
buzzer. RI and УК determine 
the switching threshold. R3 
provides hysteresis to prevent 

` the comparator oscilláting 
around the trigger point Using 
ihis principle, the.sounder 
remains inoperative until a 
meral object is detected ihat is 
large enough to drive the 
comparator input over а 
predetennined switching 
threshold. By making the 
switching threshold adjustable, 
different levels of sensitivity 
тау be set. 


IC Based Metal 


Detectors 


OR the shelf ICs are available 
that are designed specifically for 
use in metal detector circuits. An 
example is the C5-2094 IC 
(Maplin stock code ІЛ 159Р). The 
{емсе makes use of che бкл that 
guetal in close proximity 16 an 
oscillator tuned circuit affecis the 
Q of the circuit and hence the 
signal amplitude. A level detector 
monitors the оз ог autgut 
and switches when a preset 
threshold is reached. An example 
of a simple circuit using the IC is 
shown in Figure 5 for reference. 
The device is Шез for use in 
applications such as hand held 
detectors for searching. out wires 
and studs Из walls. 
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Detectors making 
use of variable 
coupling 

А slightly different design nikes 
use of variations jn the degree of 
coupling henveen two coils 
when metal is placed in close 
proximity There are уоп 
arrangements for this туре of 
circuit which is sensitive 16 
ferous metals. The Боск 
diagram of 4 detector using this 
principle is shown in Figure 6. 
The output level from сей 2 is 
monitored. When a ferraus 
metal object is расе close to 
ihe coils the өшіріп level from 
coil 2 increases with the 
coupling. The unit may be set to 
trigger an audible or visible 
indication when the ourput level 
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from the coil reaches а preset 
threshold. A moving coil meter 
or bargraph display may also be 
used to provide a level indication. 
This туре of derector is generally 
not suited то applications 
requiring high scnsitisity and has 


few practical advaniages over 


other cetecior types. 


Magnetometer 
Based Detectors 


AM of the detectors mentioned 
so far work by directly affecting 
the characteristics of components 
in the metal detector circuit. 
These provide good general 
purpose performance in a wide 
range of applications. However. 
псу are only really suitable for 
use over а shart range where ie 


Figure 6. А simple detector using variable coupling. 


May 4000 


ri besten 


metal object is relatively clase to 
the detector. Thereiore, if vou 
are trying to derecc metal huried 
deep in ihe ground (metres ds 
opposed го céniimetres) diferent 
techniques are requin. 

One method of detecting 
large férfous objects buried 
deep in the ground is 10 look 
for localised variation in the 
earth's magnetic field. Sensitive 
magnerometers may be used io 
measure variations of this type. 
Because fiel variations may be 
very small, detectors of this 
уре can be samewhat complex 
to cunstruct. Also, che detectors 
cun offen be influenced! in an 
unwanted way hy ambient 
magnetic fields from power 
liés, geological features eic. 
Nevertheless, if you ure looking 
for something large and iron 
buried deep in 2 emae 
location, а mameiometer based 
metal detector may provide the 
bes chance of finding ii 

Techniques used го produce 
magnetometers are varied. 
Linear hall efféct devices that 
produce an output voltage 
proportional ro magnetic fux 
are readily available in 1С farm. 
These are convenient but 
producea relatively small 
ouput voltage. Therefore, to 
provide reasonable periormance. 
when the changes in the 
magnetic Йе are small 15 
often necessary 10 follow the 
hall effect device with a low 
noise, low offset DC amplifier. 
Other dévives far the 
measurement of magnetic fields 
include Flux Gate and Proton 
maenciometers, These cin 
provide good sensitivity when 
properly aligned. 

One of the easiest ways to 
deiecti localised variations in the 
eanh's magnetic field is to 


> compare rhe output from exo 


magnetometer sensors spaced 
some distance horizontally apart, 
as illusirated in Figure 7. When 
the magnetic Beld is undistorted. 
the output fram both sensors is 
similar (once any diilerenves 
due to tolerance are ironed out). 
However a metallic ohject 
positioned Immediately below 
one of the sensors results in 
distortion of the Ве and a 
variation in magnetic flux. 
Because che clistartion is 
localised and one of the sensors 
is closer to the metal object than 
the other, а difference in the 
output of the гел sensors 
results. This difference can he 
amplified to provide an audible 
or visible reading. 

In addition to the presence of 
ferrous metal objects, there are 
also ether possible reasons for 


n 


localised variation of the earth's 
magnetic feki. Therefore 
magneranterezs of the type 
discussed can only be used to 
indicate where objects-may 
possibly be buried and do пот 
give 100% certainty. Also, as 
with most meral deieaars, it is 
sometimes difficult to 
distinguish between я smali 
object buried near to the 
surface and something larger 
buried several metres deep. 


Indicators and 
Interpreting 
Results 


How а metal detector indicates 
thaz it has detected а relevant 
object can be quite important. 
In most cases the output from 
ihe detecior circuit may be 

used 10 drive an appropriue 
meter. This could be а simple 
analogue meter, a bargraph or a 
disita! display. In most 
applications. however, ir is nor 
practical ro watch а meter 
reading lf the time. if the 
circuit provides a switched 
output that becomes active 
when а metal object is detected, 
ihis may Бе used to switch on a 
lamp or buzzer. An audible 
indication is often much more 
appropriate, especially if you 
are walking around л беа 
looking fur buried coins. In this 
situation, probably the last ding 
you need is to continuously 
watch а meter. As we have seen, 
some apes of metal derector, 
such as the beat frequency type, 
atnomatically produce an 
audible output and for these 
units chis is che normal mode of 
operaion. It can stil be useful 
io have a meter reading in 
addition го help the user 
determine the degree of 
response when an abject is 
detected. For meral detectors 
that produce an output in the 
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Figure 7. Example showing detection of ferrous i 


objects using two magnetometer sensors. 


form of a variable voltage. this 
can easily be converted toan 
audible output using a voltage 
controlied audio frequency 
oscillator. This will produce a 
note that varies in pitch similar 
to the BFO unit when an object 
is detected, 

Using peak hald techniques it 
is possible to make the response 
ota met) detector dynamic то 
аш pinpointing of a find once it 
has been detected. Мире 
search coils сап also Be used. 
These may be switchable so that, 
for example, a large coil is used 
to initially detect the presence of 
metal whilst а smaller coil 
provides more accurate 
pinpointing of the find. 

Magnetometers аге 
sometimes used to detect very 
largë ferrous objecis or mineral 
deposits. Interpreting and 
making sense of the data 
produced in such circumstances 
сап be very complex. In this ~ 
type of specialised application, 
it is useful to provide a digital 
interface so that rhe reading 
am! precise location сап be 
stored in memory and loaded 
ошо а personal computer for 
processing. 


Discriminating 
between different 
materials 


For some applications it can be 
useful зо discriminate between 
different types of metal. As 
mentioned, some types of 
detector will only respond из 
ferrous meals. Also metals of 
different types resuir in different 
proximity effects, For example, 
the variation in frequency 
produced when a meral object 
is close to the search coil of a 
BFO based derector will not 
only depend on the.size and 
position of the object but also 
on its composition, Ferrous 
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йш (coniining iron) 
produce.a totally different = 
response to non-ferrous metals £ 
such as copper, gokl and silver 
This effect can be used to erear 
advantage when searching ior 
precious metals (coins etc.) 
buried in rhe soil. 


Housing 
Considerations : 


50 far we have covered some 
electrical design criteria and z 
fundamenmitheory rekuing to — : 
metal detectors. Of course, when 

producing 2 practical unit, the : 
physical aspects of construction — : 
аге dimost as imporunt A metai : 


detector should be constructed È 


and housed! so as io be as simple 


го use аз possible. For example. ; 
detector designed fur DIY use in 


' the home should preferably be 


compac enough to Git in your 
tool box. Conversely; # the unit is 
designed for outdoor use, it i5 
import to consider such 
aspecis as weatherproofing. 
Same applications may require 
the search coil to be submerged 
in water requiring complete 
waterproofing, If your hobby is 
searching for ші treasure 
you will want the detector го be 
as light weight as possible and 
х0 on. An example of a typical 
layout is shown in Figure 8. The 
shape and dimensions of some 
metal detectors are heavily 
influenced by the design of the 
circuit itself, This is particularly 
the case with some 
magnetometer based units and 
detectors requiring large search 
cuits. Although these 
considerations may be fairly 
obvious, they are sin imponunt 
factor and can affect the circuit 
layout considerabbhs: 


Next Month 


This month we have looked at 
the basics of metal detector 
design so as 10 lonn an overview 
of the type of rechniques 
commonly used. Next monih we 
will look at the consiruction of a 
metal detector and consider 
specific requiremenis at a 
practical level. 


Figure 8. Typical layout of a metal detector used for 
treasure hunting. 
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VHS and 8mm, Шаг is beginning to 
change with the Digital Vídeo (DV) format 
making inroardis into the camcorder market, 
and Dara-VHS waiting in the wings co record 
the new digital TV channels. 


Digital Video 


TX like 8mnr, is а committee<devcloped 
format. And, uniquely it now encompasses all 


Ithough consumer video - VCRs and 
camcondlers - is stili firmly ruled by 
| markets from consumer to broadcast. 


16-bit 2-сһапле! recording 


Preliminary discussions on staridartisation 
hegan in 1990 between four uf the companies 
that had been working independently on 
digital video: Matsushita (Panasonic), Philips, 
Sony and Thomson. Shoniy after they were 


: joined by Hitachi, JVC, Mitsubishi, Sanyo, 


Sharp and "Toshiba and formed the Digital 
Video Casseite Consorium. Which led in 
1994 to agreement by the, then; 52 
companies on standards for SD (Srindard 
Definition) and HD (High Definition) formats 
at the HD Digital VCR Conterence. Leaving 
the specifications for wo additional formats, 
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Figure за. Audio recording methad. 
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for European DVB (Digital Video 
Broadcasting) and American ATV (Advanced 
Television digital HD braadcasting), to be 
finalised nearer the launch of those services. 


: And in 1995 the first DV camcorders appeared 


an world markets (the ‘Cassetic’ part of the 
name having been dropped). 

“they were more expensive than 
consumers had been used ro; but then the 
Quality was greater and they incorporated 
more features. For full acivantage had been 
taken of the changeover to digital. 


Technically Superior 


The horizontal resclution of DV is about 500 
lines: this compares with just over 400 lines 
for HiS and S-VHS, and around 250 for 8mm 
and VES. And the colour bandwidth of 3MHz 
is six times that of the analogue formats. The 
auctio is no less impressive, with 4892 16-bit 
linear PCM stereo sharing the tracks (Figure 
Ix); and, depending an the hardware, the 
additional choice of recording and/or plaving 
back at 44.1kHz or 32kHz. There arc also two 
32kHz 12-hit non-linear stereo channels 
(Figure 1b). Ға recording is mate using the 
latter, then fresh audio can be dubbed anto 
stereo 2 during post-production, teaving the 
original on Stereo 1. 


Time Base Corrector 

A timebase corrector (ЕВС) is а standard 
feature for playback because the farmat is 
pushing the limits, This retimes the digital 
video signal coming off use tape to correct 
for equipment fluctuations and 50 
minimises horizontal jitter. There is also 
error correction to minimise draputs - 
momentary losses of signal caused by dust 
on the tape or damage to its surface. This is 
the ubiquitous Reed Solomon varien, which 
works on symbols (graups of bits) and thus 
deals very effectively with burst errors, such 
as drapouss, where a lot of errors are 
confined within a small area and affect only 
a limited number of adjacent symbho!s. 
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One iame: 10 tracks for NTSC 


greater definitian. Canon and JVC have 
recently launched models with a CCD that 
сап Бе switched between interlace and 
progressive scanning: thus maximising the 
quality of still pictures, and those moving 
images that are likely to be played in still or 
slow motion. Many of the latest models can 

; also record a burst of still pictures. 

: — Video auxiliary data is recorded in the 
video sector of the tracks. The standard daca 
consists of the daté and time when the 
recording was made, a recognition ID when 
widescreen mode is used, апа the input 
source - such as channcl number. Optional 
dats is mainly camera information - shutter 
speed, etc. All of which can be displayed on 
screen or hidden. The same applies to 
audio auxiliary data; this being recorded iñ 
the audio sector of the tracks. 


222 


v Audio sector 
| (Audio signal is recorded) 


12 tracks for PAL 


Tepe running ————3» 
ж--- 


Fiying erase head 35 not needed 
Top view 


FIgure 3. Cassette IC memory. 


Surprisingly Small! 

The eariy.consumers must have been 
surprised by how small the Mini DV 
camcorder cassette is, for at G6x48x12.2mm 
it makes even the 8mm and VHS-C cassettes 
seem large, Even the full size DV one is 
noticeably smaller than VHS, Unusually, rhe 
recording times are the same for PAL and 
NTSC. This is because 300 tracks per second 
are recorded for both: I2 tracks per frame 
for 25Нг PAL and 10 tracks per frame for 
30112 NTSC (Figure 2). Giving. maximum 
recording times af 60 and 270 minutes 
(there is now an 80 minute Mini DV 
cassette; and LP increases times by 50%). 
And both cassettes can be used in a DV VCR 
without ап adapter for the Mini one. 

The Cassettes offer more than just size : 
advaniages, however. They are closed types 
to keep out dust. They can also include a 
built-in IC memory (Figure 3). This includes 
all the physical information abou the tape, i 
bui also allows for a table of contents ОС) = 
то be written and read. giving rapid access 
io scenes, plus any other data thar the 
manufacturer thinks should be written to 
memory. The memory capacity can vary; bur 
the size in bits is printed on the cassette 
(16k seems to he the maximum at present). 


Lastly, Ше insert and track informatian 

(ГН) sector (actually, this is recorded first, 
: the heads travelling up the tracks). This is 
t mainly the auto wracking data to maintain 
head and track alignment. But it also 
includes data about insects. With the tracks 
divided inio sectors it is a straightforward 
matter to insert new video (Figure 5) or 
audio or bath into existing material without 
causing any glitches (if the equipment 
allows 10). These, and straightforward 
assemble edits, being aided by the timecode 
and search facilities. 


Digital Out 

With quality being maintained by the use of 
the DV terminal to send ео, audio and all 
the additional data on the tape in digital 
form. Always assuming the user has two 
camcorders, one with DV in/out, or a DY 
УСК. It is more likely that the material will 
be decompressedt and converted to 
analogue for editing onto VHS or SVHS, 
The first camcorders either had just DV out 
or an analogue ouput and the first VCRs 
were only launched last year, so there has 
not been much scope to experiment with 
digital editing and-multi-generation copies, 


Recording Mechanism 


ИА 


Side view 


IC system for 
cassete memory 


Sliding erase 
prevention tab 


Contacts for 
IC cassette memory 


Photo 3, 
Sony GV-D900 DV 
Video Walkman. 


Even without cassette memory high speed 
access is possible-using the data recorded in 
the sub code sector of the tracks. This 
contains an index signal marking the 
beginning of each scene; 
timecode, which marks every: 
frame in hours, minutes and 
seconds, plus frame number - 
1-25; and the position of still 
pictures amongst the maving 
images (Figure 4). This last is 
another new development: a 
single image is memorised and then 
recorded for several seconds, along with 
ambient sound, using frame mode for 
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Moving picture 


The DV terminal is based on the 
[EEE1394 standard for data thraughpur of 
up to i00Mbps (known also as i.Link or 
Firewire}. It allows equipment to be 
connected up in similar fashion to 2 
computer nenvork - up to 64 items in total. 
And the equipment to be intefaced with a 
compatible computer ior non-linear editing. 
Eventually it is expecred го form the link 
berween all home multimedia products - 
digital TV, DVD, etc, passing not only video 
and audio hut control signals, roo. Same 
equipment also has ап R5232C terminal for 
exporting still pictures to a computer's serial 
pon. Cameras have also appeared thar can 
ourpur siill pictures or grabbed frames то a 
storage unit: Sharp has one thar contains а 
2MB flash meman; ahd Sony has one that. 
incorporates a standard floppy disk drive. 

іп addition to being the first digital format 
for consumer tse, DV is also ihe first 
consumer format to use component 
recording. This keeps the huminance ГҮ) 
signal зерагие from the chrominance signal, 
and divides that up into iis colour difference 
qmponents - RY and BY (or Cr and Cb) - 
Figure 6. Having three separate signals allows 
a wider colour bandwidth, climinates cross 
colour and cross luminance artifacts, and 
ohviates the need to encode and decode 15 
would be the case with a composite signal - 
thus minimising degraclation and making it 
easier to edit and manipulate. 

Once in companent form the signals are. 
sampled and quantised. The luminance is 
sampled at 13.5Mliz. The colour difference 
signals are sampled at 6.75MHz: this 
sampling of alternate pixels effectively 
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percer 


ПАТТИ 


ПЕТТЕ 


мни Дунаева rare: 


Moving piclure 
e Sill picture 


halves the horizontal resolution Бу 
comparison with the luminance; the 
resolution is then halved vertically by only 


ТООС 


other tricks to minimise rhe amount that is 
recorded). DV is not above employing a trick 
or avo бы one of those being 10 only 
compress the picture area that will be visible 
on the "TV screen. The discrete cosine 
mansform (DCT) method is then usc to 
prepare the picture for compression proper, 
because of its case of computation. A ratio of 
5:1 is applied, zxhich reduces the video 
wansfer mre to 25Mbps. Coding is done on an 
intra-frame basis: this does mean that motion 
anelacts can occur if there are dillerences 


i bemeen fields due ro rapid subject movement, 


"hene 


ТЕШ 


-and editing can be more difficult than with 
the altemative intra-field system - bur it is 
bener chan the analogue formats. 

When it has been error corrected the 
whale lot is recorded onto Ще Іп wide 
metal evaporated cape by io heads on a 
21.7mm diamerer drum rotating ac 
9000rpm. This gives a writing speed оғ 
9.9пъ5. The track pitch is 104m for SP and 
Jum for LP; with tape speeds of 15.8mm/s 
and 12.6mm/s respectively. 


Professional News 
Gathering 


Going back ro 1995, Matsushita decided that 
DVC also had the potential to make a 
professional news gathering and fietd 
acquisition formar. The equipment would 
be smaller and lighier rhan ather 
professional equipment: and it would be 
cheaper, nor only because of the 
compromises necessary to make it viable as 
a cansumer pizxluct, hut also because it 
would have that mass production base. After 


2 canvassing the opinions of various broadeast 


sampling Cr and Cb an aliemate lines - 2 4:2:0 Е 


sampling structure (Figure 7). This is used 
to keep down the data rate and, uliinuately, 
the cost. 

Sampling rates are recommended bv the 
CCIR6O1 standard. These are based on a 
fundamental frequency of 3.575MHz; with а 
minimum sampling rate of four times that, 
13.5MHz, necessary го avoid any quality [oss 
(although colour 15 noi so critical). However, 
DVs 8-bic quantisation of the luminance and 
colour difference signals docs canfarm to 
the minimum recommended by ССТВ601 
for a góod cost/quality performance. 

DV is also the first consumer format 10 
employ direct campréssion (the analogue 
formats have all reduced the luminance and 
colour bandwidths and emplovei various 


И ТОЛТО ОО ebede ta 


and news organisations they showed the 
first prorarypes in 1994, and began delivery 
in 525 line markets іп 1995 and in 625 line 
markets in 1996. 

DVCPRO is essentially а beefed-up version — 
of the standard format. The track pitch is 
increased to 182m and tape speed 10 
33.8mmn/s (there is anly the one speed). 
And metal particle tape has been substituted 
for ME. The sampling structure has been 
changed iram 4:2:0 to the 4:1:1 thar is used 
for the NTSC version of consumer DV. This 
means that Cr and Cb aré sampled ar. 
3.375MHz; reducing the horizontal 
reoluiion to one quarter that of the 


: luminance, but without affecting the vertical 


resolution. This allows more intensive post 
production, ж the expense of a reduced 


: colóur bandwidth. Other changes are the 
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Figure 5. Video insert. 


Video sector 


%% 


Digital signal is recorded on the tape 


y: 
signal 


= тү "e 
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"С signal Ís recorded after being divided into R-Y signal'and 8-Y- signal 
Y= luminance 


Figure 6. Componant video recording method. 


уго. I ET ЭЭЛ Ал А Dockable VCRs 
' M 74 1 Both DVCAM and DVCPRO will play DV 

ыма г tapes (SP only), and DVCPRO will also play 

A , DVCAM tapes. The range of equipment 
from both Sony and Panasonic has 
increased rapidly: with dockable VCRs that 
can be mated to a variety of cameras. 
camcorders, VCRs, есін VCRs, non-linear 
disk-based editing systems, hybrid каре 
ediiing systems and players. Much of it 
making use of the serial data wansfer 
interface (SDTI), which handles compressed 
video, sub cile and audio without change: 
and which allows dubbing at four times 
normal speed with same VCRs. | 

JVC has launched a dockable DV VCR, and 
together with Panasonic and Sony, include 
uprared consumer DV camcorders in their 
ranges - being small and unobirusive these 
сап be useful in сепдіп situations. While 
Canon has a "prosumer. camcorder with a 
new imerchangezble lens range. 

In 1997 Panasonic launched DVCPROSO; 2 
variant aimed at rop professional and low 
Рһоїо 4. Рапавотіс А)-р700 ^ end broadcast users, based on the 50Mbps 


used Шыға сабалар сз HD specification. This requires advanced | 


addition of an analogue audio cue track to 
give 2ccess to audio during fast winding, 


ihe recording of linear and vertical interval 
industry standard timecodes (LTC and VITC) 
in the sub сосе sector; the addition of a 
control wack to enable faster servo lock after 
mode transisiions; and the opion ofa serial 
digital interface GDI - the broadest standard 
In 1996 Sony launched its professional 
version - DVCAM. This is essentially the 
same as the consumer formar, apart from 
I5um tracks, a tape speed of 28.22mims, 
and a Тпоге advanced metal evaporare 
iape. It also introduced a feature called 
'Cliplink": this captures small index picture 
from the first frame of each shot and stores 
il in Camera memory, along with shooting 
Gata - timecode, shot and take numbers, etc: 
as the cassette is ejected all the index 
pictures (up to 198) are recorded onto the 
tape in a maximum of seven frames, and the 
shooting dara is written to che cassege 
memory. Panasonic have since launched a 
similar shot logging system - ‘DV piv Link’. 
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ME tape, running at 
37.6mnvs, with a four head 
drum recording 20 Oum 
racks per kame, ‘The simning 
frequencies are 40.5MHz for 
luminance anc 13,5МН> for 
the chrominance signals, 
using 8-bir quantisation. 
The audio specifies four 
channel 16-bit 4SkHz, and , 
eight channel 12-bit 32kHz. 
Panasonic's DVCPRO50 
version runs Ше tape at 
double the HD speed 

(3х standard), has а 4:2:2 
sampling structure, 3.3:1 
DV-based intra-frame : 
compression, and four 16-bir 
4S8kHz audio channels, The 
equipment will also record, 
and play at 4:1:1/25МЬрз, 
and will ріху standard 
DVCPRO recordings. 


Digital VHS 


Returning to domestic 
recanting, Philips, and 
probably other less 
forthcoming companies, plan 
to launch DV HS before the 
end of this year. To maintain 
campatibility this will be 
added to VHS or ҰН5:5-УН5 VCRs. DVHS 
has been developed by JVC - the inventors of 
VHS, with technical advicé from Grundig. 
Hitachi, Matsushita and Philips, and support 
being expressed by most of the others. 

Technically D-VHS ts unlike other digital 
formais in thai it does not format the dara 
bur records a bitstream. In this case an 


Figure 7, Component 
sampling structures. 
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4:2:2 Image sampling structure 


&99949 
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4:4:1 Image sampling structure 


49 фо фо 
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: MPEG-2 transport stream which, apart from 
і Reed Solomon error correction and an 

t embedded scrambling mechanism for copy 
> management, is recorded exactly 25 it is 
received and is outpurin the same state. 

: The reasoning behind this is that consumers 
t will already have set-top boxes.or integrated 
i TVs capable of decompressing MPEG-2 so 


| ^ Set top box 


Figure.8. Digital braadcast recording with D-VHS. 
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4:2:0 Image sampling structure 


i there is no point in repeating ir. The data’ 

+ will be taken from the box or TV via 

i 1ЕЕЕ1394, recorded. and played out to the 

i box or TV via 1ЕЕЕ1394 (Figure 5). Because . 
: the data is the same there is no gering 

і around charges for encrypted material. it 

: will also make it easier forthe programme 

: providers to change the signals, adding 


D-VHS Track Structure 
2 3 i 


postamblo |79 


упс blocks 
(836 bits each) 


pey inverted & precoded 
scrambled, inverted & precoded 


MPEG Transport Stream to Track Mapping 


Two adjacent data sync blócks of the main area are 
used to store one MPEG TS packet 


dala sync block n 


daia sync block n + 1 Figure 9, D-VHS 


track structure 
and MPEG Ts to 
track mapping. 
Courtesy of Philips 
more audio channels, perhaps, or to mix ? such as ovo ar three movies broadcast : Finally, the ATV and DVB variants of DV It 
aspect ratios, lor as long as itis embedded | : simultaneously. LS will be for low bit rate has gone very quiet... This could mean that 
in ап MPEG-2 wansport siream it is : broadcasting such as cartoons. A DF-300 an anouncement is imminent; or that they 
irrelevant to D-VHS. : таре thar will give 3.6 hours іп PAL SP VHS : Want [о forget it. Personally, IE cannot 
D-VHS differs liide [rom VHS. The track : will give 5 hours in STD mode, while the : imagine many people wanting to buy a DV 
pitch is 29m, the tape speed is 16.67mmy/s, : DF-420 will give 5 and 7 hours respectively, : VCR for recording offair, even if they have a 
and the tape is an upgraded version of S- і So an on-screen menu will be provided for : DV camcarder, riot when they will he able to 
VHS oxide. Its recording data rate is : locating individual récordings. = buys О-УН5 опе. Bur, time will rell. 


19.1Mbps, and its net dara rate is 1.1 Mbps 
(with bursts up to 72Mbps). The track 
struerure and transport stream го track 
mapping are shown in Figure 9. In addition 
ta this standard (STD) mode there is a high 
speed (HS) and four [ow speed (15) modes 
for future products. These differ in таре 
specd and dara rate, HS runs at double 
speed (33.33mmvs), with a net data rare of 
25.2Mbps; 182 runs at half speed 
(S.33mm/s)}, recording 7.0Mbps; LS3 runs at 
one third speed (5.6 тит), recording 
1,7Mbps; 155 ас one fifth (3.33mm/) for 
2.8Mhps; and LS7 at one seventh (2.38mmis) 
for 2.0Mbps. 

HS is intended for recording high definition 
transmissions - STD for the 625 line cable. : 
satellite and terrestrial iransmissions that : Photo 6. Panasonic NV-DV10000 DV-VCR. 
can be received now, and multiple packages 
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FANS 
VISIBLE LIGHT 


геееееееееее PART 2 з еоеевевеовое 


Іп Part 2, George Pickwortb Looks At Artificial Light 


& Light Beam Telephony. 


oncurrent with advances in sunlight 

telepranhy, Clerk Maxwell predicted 

the existence of electromagnetic 
waves which were later demonsiraied 10 
exist by Hertz and are now generally 
referred to as Hertzian waves. However, any 
beliefs that Hertzian waves would quickly 
render landlines and cables obsolete were 
dispelled by Professor Thompson. 

Thompson, experimenting with Herrzin 
waves about Im long, demonstrated shat 
they exhibited. charsetcristics similar to light 
waves in that they could be reflected. 
refracted or diffracted. Buc of punticular 
significance it was found that Herian 
waves, like light waves, are rectilinear. 

Prol. Lodge believed that Herrian wave 
systems woukl only have fine of sight range 
and therefore coukl offer few, if any, 
practical advantages over visible Нин 
systems which included the heliograph, 
Aldis lamp and the Lime-light. 


Direct 
Faraday, around 1840, demonstrated that 
light is effected by magnetic fields, and 
when Herrian waves were found 19 form 
pari af ce electronmenetiic wave (em) 
spectrum. it was assumed that che only 
difference berween Hertzian waves ancl light 
waves was their wivelengih - see Figure 8. 
Lodge believed chat if a way could he 


Cosmic Rays 


Figure 8. The electromagnetic spectrum. 
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devised го produce Herizian waves with the, 


wavelength of light. they would produce 
ligh: far more efficiently than with 
incandescent lamp where much of the 
energy inputis idiste zs heat. 

During his lecture to the Ashmolean 
Saciery ат Oxfurd in 1898, Lodge expounded 
his philosophy that generation of light 


Visible 


would be the most useful application for 
electromagnetic waves as it would have 
immediate and practical social benefits. 

We now know ihat light has particle 
properties and this charseceristic 
differentiates light from Hertzian waves, зо 
direct production of light via Hertzian waves 
would seem to be impossible. 


Difficult 


Hertzian waves were, and siilj are, far more 
difficult to produce than light, moreover, a 
detector is required to make Hertzian waves 
manifest to human senses. On the other 
hand, visible light is detected directly by the- 
eve; So, during the latter part of the 19th 
century it is not surprising that attention 
was more orientated towards improving 
communication systems based on light 
heams than towards Hertzian waves which 
were very much an unknown quantity. 


=. 
Selenium 

In 1870, an assistant of Willoughby Smith 
discovered зас the resistance of selenium 
varied in inverse mio to the intensity of 
applied light. ‘This phenomenon, together 
with the-develapment of the microphone 
and ielephone earpiece by Professor Bell. 
provided the essential components for an 
amplitude-modulated, suplight-telephany 
system. The heliograph provided a pattern 
for the vital sighting system 


The Photophone 


Working independent Bell and AC Brown 
produced ihe Вся telephone to employ 
sunlight as the medium in 1551 and whilst 
generally known as thé pliotonhone, Вей 
seems to have called his version а 
radiophane - sce Figure 9a. 

Unlike contemporaneous inductively 
coupicd telephones, where the sender and 
receiver were mutually coupled by their 
close! magnetic field, the phorophone must 
go clown in history as the first ігие midio 
telephone, i.e. where energy leaves the 
sender and is carried via wives ta the. 
receiver. There is no coupling berween the 
sender and receiver. 


Diaphragm 

It will be seen from Figure Эа that parallel 
rays from the sun pass through а convex 
lens which causes them to converge on a 
small reflective diaphram. After reilection, 


N.B.each division is 10 ta the power indicated 


Figure 9a. 
Bell & Brow's 
Photophone. 
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fram the sun 


Parallel rays to 
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Figure 8b. The Photophone receiver, 


Reflector ——* 


White flame --> 


Figure 10. The acetytens lamp. 


the rays diverge and are made parallel again 
by 2 second convex iens. The resultant 
pencil beam of light is directed to the 
distant station. 

Dirécting the beam would have been 
simplified by using a mirror to direct the sun's 
rays on to the first lens of the modulator and 
a second mirror co direct the modulated 
beam to the distanc station, The modulator 
could then have remained in a fixed positian. 

Wien the diaphragm was subjected ғо 
sound pressure waves, (shades of Edison’s 
phonograph) it became alternarely convex 
and concave го a degree depending on the 
magnitude of the sound pressure waves. 
This caused some rays io be reflected 
radially and therefore did noc pass through 
the second lens. The elect was to 
ampiitude mocdulate the reflected beam. 
Remarkably, 2 basically similar system was 
used with the German WW2 photephone, 
hut more about that later 


ъ 


Telephone 
— H 
earpiece 


s 


т <— Water drip control 


Water 


Needle valve 
Drips of water 


Calcium carbide 
granules 


: Demodulation 

: The beum was demodulated at the distant 
station by means of a selenium cell and a 
telephone earpiece. Unforiunately E Вахе no 
information of range attained. However; the 
upper frequency limit for a selenium cell 
was Only а few hundred Hz bur was apparently 
sufficient for intelligible speech - sce Figure 9h 


: Artificial Light 

: Obviously for signalling purposes, an artificial 
light source is far more versatile and 
convenient than sunlight. Moreover, with 

: artificial light, the source is static and this 

: avoids problems ihe movement of the sun. 

The artificial light sources could either be 

integrated with the signalling system such as 
the Aldis lamp or as а light source for the 

5 heliograph during hours of darkness. 

t Wick-type paraffin imps were used during 

* emergencies for shor range signalling, but 


t acetylene and lime-ight lamps produced 


much more light -see Figures 10 & H. Let 
us first look at the acetylene lamp. 


| Acetylene Lamp 


Acetylene gas was produced in the lamp 
assembly by water drippine on to calcium 
carbide, A special burner produced an 
intense white flame, The lamp had reo 
chambers, rhe upper containing water and 
the lower containing the ‘carbide’. Water 


: dripping on to the carbide was controlled 
by a needle valve -see Figure 10. 


Carbidé was produced by heating coke and 


: limestone at a high temperature in a сіссігіс 
> furnace. The lamp was environmentally 


friendly as the spent carbide was essentially 
lime and provided a useful garden fertiliser. 
Acetylene lamps were universally used on 
bicycles and early cars, J had onc on my 
bike, it gave a much brighter light than 
battery powered lamps and was much 
cheaper to run. Carbide was bought in 


> зеліесіліпз from general stores. 


The Lime Light 


The lime-fight produced high intensity 


: white light by heating a pencil of quick-lime 


(calcium oxide) in а ame rich in hydrogen 


1 and oxygen With the circa 1900 signalling 


lime-light, che quick lime pencil was heated 
by a methylated spirit lamp complemented 


: with a jet of oxygen, See Figure 11а. 
: However, some types of lamps employed 
= acerlene gas instead of meibybired spirits. 


The most remarkable feature of the 


: signalling lime-light was the method of 


producing and storing the oxygen, for it was 
produced by boiling in water a mixture of 
potassium chlorate and magnesium 
binoxide in a retort placed on the camp fire. 


t After passing through a cooler, the oxygen 
t wus stored in an animal skin bau held in a 

t wooden frame. When oxygen was required 
: for the lamp, а second bag filled with each 
і was placed on the storage bag. thereby 


pressurising the gas. Sce Figure Hb 


Modulation 


Р With sunlight telephony, i.c. the 


photophone, it was obviously only possible 
то moctulace the light Беат whereas with 


t artificial light it possible to modulate either 


ihe light beam or the actual light source 
though the latter was generally only possible. 


: with an electrically generated light saurce. 


Nonetheless, ingenious methods were 


: tried to modulate зсетуіепе gas lamps hy 


inserting а gas bap, which also served 15 the 
cliaphragm in the gas feed tube. ‘the resultant 
pressure pulses caused variations in the 
intensity of the flame, see Figure 12. Let us 
naw look at electrically generated light. 


The Ағс Lamp 

Arc lamps powered by AC were notorious 
for generating sounds corresponding to the 
frequency of the supply current, This 
motivated Tesla 10 develop high frequency 
alternators so that the sound was above 
акну. High frequency altemators were 
subsequently developed for use as Hertzian 
wave transmitters. On the oiher hand, an 
arc lamp fed with DC produced only a slight 
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Parallel rays 


| 


Flame Lime pencil 


Signaling 
shutter 


Figure 11a. Simplified diagram of 
а signalling lime light - the lime 
pencil is randared white hot by the 
methylated spirtt/oxygen flame. 


Figure 11h. Oxygen starage Ван 
for i[me-Hght. 


Skin bag 
holding oxygen 


‘hissing’ sound. 

Around 1880 Prof. Ruhmer noticed that 
ihe audible sound corresponded то changes 
in the intensity of the light and the 
phenomena was aitributed to variations in 
the volume of the plasma surrounding the 
arc - See Figure 13. 


Speaking Arc 

Ruhmer subsequently developed а method 
whereby the arc was driven by DC but 
modaulared by pulsating DC produced by a 
microphone ап battery - see Figure 13. 
The light beam was directed ro the distant 
statian where demodwation was by means 
of a selenium cell similar to that used with 
the phorophane as shown in ligue 9. 
Range was given as 7km. 


Enter The Thermionic Valve 
The amplifying valve enormously increased 
receiver sensitivity but iz also enabled 
electro/mcchanical devices to be used to 
modulate the light beam. The most effective 
modulation method was ta employ а 
спо, energised by speech currents, ғо 
partially monite a mirror and thereby deflect 
some of the rays to where they were 
dissipated. The effec was that the intensity 
of the light beam varied in sympathy with 
speech. See Figure 14. 

Power valves enabled electric lamps ro be 
modulated directly, hut this proved го he 
incfficient and was out of ihe question with 
early low power valves; these were best 
suited to amplifying receiver currents and as 
already mentioned for driving electro? 
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«-- Lamp case 


Knob for inserting 
lime pencil holder 


Lime pencil holder 
Wick 


Methylated spirits 


Oxygen 


Bag of soil 
acts as weight 


Wooden holding frame 


Pulsating gas to lamp 


2 cinema films by varying intensity of the light, 


in sympathy with speech or music, this 


caused corresponding degrees of opacity оп 


the photographic film. During projectian, 
the variations in opacity caused а photo cell 
to produce electrical currents 
corresponding to the original sound, 


| Automotive А 


Headiamp Bulbs 


: During the 1930's much interest was shown 


by experimenters in direcily modulating 
automobile headlamp bulbs. Indeed, as а 
schoolboy, I too experimented with such a 
system in 1939 with the objective of 
establishing a light beam telephane link 


> with my fiend an Dost Hill. Unfortunately 


ihe war put a stop to my experiments but 
not before I had demonstmied the А 
feasihiliy of the link. А simplified diagram of 
my 1939 system is shown in Figure 153. 
Because of the huge voliage diference, 
ie. 300% to the 616 valve and АУ to ihe bulb, 
(many cars had 6V electrical sysiems іп 
those days) transformer coupling was 
necessary: This arrangement had the 
advantage in that an auxiliary DC power 


> source could be used to constantly hias the 


bulb to point where light Emission varied 
more or less ілсагіу to variations in 
modulation current. (As measured witha 
photograph exposure meter} 

Because of the characteristics af an 
incandescent lamp, i.e. ihat resistance of the 
lamp increases in direct ratio to ihe temperature 


? of the filament, light emission does not 


Rubber diaphragm 


‘ Sound pressure 


Gas regulator 


| 


Gas inlet 


mechanical modulars. Nonetheless, a5 
more powerful valves became available, 
direct modulation offered an aliemative to 
electro/mechanical modulators. 


Neon Lamp 
Being a high voltage device, the neon lamp 
could be modulated when inserted in the 
anode circuit of a low power valve. With the 
valve apemting іп class-A its quiescent current 
kept the lamp alight when moduknion was 
zero. However, output from sucha neon 
lamp was too low for light beam telephony. 
The principle use of the neon lamp was 
to photographically ғесовті sound on 


Waves 


Figure 12. Diagram shewing device to 
modulate gas feed to a lamp - sound 
pressure . waves acting on diaphragm 
gas In the chamber thereby modulating 
the gas . flow to the Татр. 


t increase lineariy with applied Voltage. 


My receiver, as shown in Figure 15b, had a 
viewing mibe which enabled me to 


> accurately focus light from the sender on го 


the photo cell. | am presently renewing my 


Е early experiments but using power FETS for 


modulation which nicely match with 12V 
autamative bulbs. 


Electro/Mechanical 


: Asalready mentioned, much greater efficiency 


could be obtained by modulating the actual 


: light beam by means of an electro£mechanical 


devices, the following WW? apparatus being 
a good example. See Figure 16. 


Parabolic 


mirror 


100V DC + 


«- 


Voice modulated 
light beam 
4«- 


100V DC - 


2а 


Carbon rods 


+250V DC 


«— Neon lamp 


+— Low power valve 


Figere 14, Direct modulation of a 
neon lamp - the valve's quiescent 
current Keeps the . lamp alight when 
modutation is zero. 


Although designed primarily for use with 
an electric Jamp as che light source, the 
ISH German Madulated Light Beam 
Apparatus (Photophonc) Li.Spr 250/130 had 
an adaptor to enable the sun be used as the 
light source. 

As the light сош be interrupted and TS 
device was used for visual telegraphy 
(Marse) Гат not certain if sunlight could be 
modulated or if sunlight was used simply for 
telegraphy, Nonctheless, the modulator was 
basically similar to the original radiophone 
except thar а small mirror rorated by a 
solenoid instead of a diaphragm. В also had 
potarisers which greatly improved the level 
of modulation. 


Solenoid 

My interpretation of how the device worked, 
taken from limited information available, is 
as follews, Microphone current was amplified 
by valves which energised а solenoid thus 
causing the mirror to rotate a degree or sa in 
symplihy with speech. With no modulation, 
half of the light rays travelled through the 
space Бецуееп the first polarised bars, and 
were therefore not polarised. The other half 
passed through the polariser bars and was 
therefore vertically polarised. 

Aker being reflected from the mirror, the 
vertically polarised light uaveiled ber een 
the bars of the secand polariser whilst the 
unpolarisec пећ passed through ihe 
second polariser and therefore became 
horizontally polarised. 


Carbon 
microphone 


Figure 13. Ruhmer’s ‘Speaking’ arc, 


Modulation 


When the solenoid was energised, the 
mirrar moved on its axis anct rhe vertically 
polarised rays progressively came up against 
the second poladiser where they were 
blockecL With maximum mirror movement, 
i.c. maximum modulation, emiued light was 
reduced by 50%, For night time telephony. 
red or infrared Blters were brought into use 


= -see Figure 16. 


The receiver, installed in the same 
housing as the sender employed a photo 
cell and a three valve amplifier 


Modulation 
By Magnetic Field 


t The most elegant modulation system, though 


the least efficient, is based on the effect of a 
magnelic held on light. See Figure 17. 
Light passes through the first polariser 


Lamp controt current 


Modulation 


> before entering the lead glass rod placed in 


the сепіге af solenoid. So, when the 
solenoid is not energised the light exits 
through the second polariser which is in the 
same plane as the first polariser. 

When the cail is energised the magnetic 
field causes the light beam to nist within 
the glass rod and therefore become ощ of 


t alignment with the exit polariser. The result 


is that the intensiiy of light exiting via the 
second polariser varies in sympathy with 


: variations in the magnetic field. 


As already mentioned, ihis effect was 


t discovered hy Faraday around 1830 but it 


wis ahead of its time and had no practical 


t application. However, electromagnetic 


modulation received renewed atiention a 
few years зро, when it was found that che 


Figura 15a. The 
author's 1935 
experimental car 
headlamp light 
beam modulatar. 


+300V DC 


transformer 


| 


«a 9V headlamp 


* bulb 


Figure 15h. The light beam 
recelver - the Image of the 
sender lamp was focused 
on the cell . by observing 
thraugh the viewing tube. 


White card 
Photo cell 
ie 
To three valve 


battery powered 
amplifier 


618 valve 


>” \«—— Viewing tube 


Focusing tube 


Light beam 
from sender 
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Figure 16а. German WW2 
Photophone system LI. Spr.250/130 - 
No modulation. The output consists 
of both vertically and horizontally 
polarised light. 


polarísed 


Solenoid 


Figure 16b. With maximum modulation > 
modulator mirrar now moved so that rays 
horizontally polarised by the first polariser 


rays actually converge on to a single very 
small mirror, in an arrangement simliar to 
Figura 9a. Drawings are shown for clarity. 


Light Source 


Glass bars. 


polarised 


Direction of pull 
by solenoid 


twist of the light beam was more 
pronounced when the lead glass rod was 
replaced by certain organic chemicals. 


LEDs & Lasers 


Even with modern light emitting diodes 
and lasers, modulation of the beam by 
elecirofmechanical means stili seems to 
offer many ddvantages for long range light 
beam telephony as the technique provides 
a simple method of madulating а very 
powerful light beam, which as we have 
scen, the source could weil be the sun. 

Obviously, inertia with any mechanical 
modulation system limits high frequency 
response and ine that reason the mirror on 
the German WW? photophone was made 
very small. However, eleciromagnetic 
modulation would seem to overcome the 
problems associated with eleciro/mechanicat 
modulators. 
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Pivot point 


Horizontally 
polarised 


Light Source Vertically 
polarised 


Glass bars 


iere]. :..Non-polarised rays 4... 
-— polarised ra 


Modulator mirror. 
No modulation 


Fixed mirrar 


are blocked by the second palariser, М.В. The 


Emitted light reduced by 50% 
Only vertically polarised light 


: Glass bars : 

ПАП vertically э В Hg à Horizontally 
Е polarised pofarised rays 
i blocked by 


second polariser 


Fixed mirror 


Modulator mirror. 
Max modulation 


In the final part of this study we will оок 2 that the Greeks burnt the Persian ships at 


: at the furure for sunlight signalling systems ; the battle of Salamis by soldiers reflecting 
: together with some thoughts on the story į sunlight from their shields, 


polariser winding | polariser 


a 


ughe — Xl —————— 


— > Light out 


Қ. Lead glass 


rod 


t 


Figure 17. Modulation 
by electromagnetic 
field, based on 
Faraday's discovery. 


Introduction 

Solar Flare is a cross between a 
triditional board game and a 
computer game, Tt has a 
playing board and pieces bur 
moves are governed by a 
microcontroller module instead 
of the usual dice. The séuing is 
somewhere out in space in the 
furure. Your space-staion's _ 
hydrogen tank has explode 
and you must rake on the 
dangerous mission of orbiting 
the nearest star to collect 
hydrogen before everyone on 
the station dies. You race 
against the other players to sec 
who сап complete the mission 
first. 1 made it for my eight year 
old nephew Gregory last 
Christmas and it went down 
well with him and the-adults. 1t 
is mostly a game of chance bur 
there are clements.of risk 
taking ant! decision making 
which make it fin to play: 

The heart of the game is an 
Atmel AVR 9051200 
microcontroller. [#5 a 20-pin 
RISC machine designed for 
very low component-~ount 
circuits. The 51200, as I'll call it 
ior short, is electrically re- 
programmable which makes it 
great for experimenting, If you 
want to do rhis you'll need а’ 
programimiér - there аге a fev 
types commercially available - 
and an assembler. Atmel 115 a 
frce assembler available for 
«стукі. Руди just want to 
build this game then you can 
get а pre-programmed 51200 
fram the author, ready to plug 
in ani play. 


PICs With 
Everything? 

в used io be chips with 
everything, now it seems to be 
PICs with everything. At the 
risk of sounding like a Luton 
supporter, 1 have to say that | 
found thar the range and 
diversity of the PIC family of 
microcontrollers gave me a 
headache - I became an AVR 
fan. A year ago the AVR family 
was simplicity itself: if your 
program was too big for the 
2051200 vou put it in ihe 
9058815, A few more family 
members are available now, but 
these two chips will cope with 
а wide range of projects. 


Getting It Wrong 
First Time 


After 15 véars of writing 
software I'm still incapable of 
getting a program righu first 


:ееееееееееооееееееееео: 


: Ray Kent describes a bybrid computer/ : 


board game with a lot of excitement. 


PROJECT ж; 
RATING 


time, so my first requirement 
for a microntroller in a simple 
system is elevirical re- 
programmability - ideally in- 
circuit. Build your circuit ant if 
the program doesn't work click 
the erase button on your PC, 
amend the program, fe- 
assemble it and squirt the new 
version into the chip down a 
serial link. "The-AVR is happy 10 
do this up ro 1,000 times 
before its FLASH memory gives 
up the ghost Even | can 
usually get a small program 


| ‚ right before version 1001. 


* Under the AVR's 


Hood 


The family member used here 
is the AT9051200. The 51200 
has a Harvard architecture as 
opposed the more common 
Von Neumann architecture. 
Essentially this means it has 
fixed views on what's an 
instruction and whats a piéce 
of data. Program instructions 
are held in 1&byres of FLASH 
which retains them during 
poxerdown and can only be 
modified with external support 
from a programmer circuit - 
ether through a serial link or 
by the parallel method which 
involves removing the chip and 
placing it in a suitable 
programmers ZIF socket. Data 
is held in two separace chunks 
or Memory: one volatile, the 
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other non-vobitile. The votetile 
area is only 32. bytes in size and 
is described as 32 registers rather 
than RAM. The non-volatile area 
is 64 bytes of EEPROM which 
can be erased and re-written up 
10 100,000 times before it dies. 
This does not require any 
extemal circuitry - the chip has 
it all built in - your program can 
erase and re-write the internal 
EEPROM itself while running 
using very simple code. Jusi 
don't do it too often. 

Having gor used го working 
with PCs containing 32 Megabytes 
of RAM, the idea of dividing by 
я million (or so) and having 
only 32 bytes makes те feel 
rather claustrophohic, but this 
prohlem is remedied by other 
members of the family. If you 


T 181 


шам 
Li 


need more RAM you could 
upgrade to ihe $8515 which has 


? an ехіға 512 bytes as well as 


more pins and other features. 


Go Slow 


The 52200 can run at up to 

16MHz using an external crystal 
and two capacitors, bur if you're 
happy cunning, at IMHz you can 
dispense with these ant use the 
on-chip RC oscillator. The Fister 


г it rans the more current it 


consumes and the faster the 
baüéry dies, Solar Flare runs at 
MHz and just about manares to 
consiruct simple audio square- 
waves arid пабе ага 10kHz 
sample rate. The processor 
consumes a miserly 3mA when 
fully active in this application. 


АТ90$ 1200 


Figure 1. Complete circuit for ‘Solar Flare’. 
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Not Sourcing, 
But Sinking 


The 51200 has 15 programsmahle 
LO lines. Each part (pin) of the 
51200 can sink 20m4A, but will 
only source about 2mA. This 
means you can drive ап LED 
directly (via a current limiting 
resistor) in sink mode. 


А Passing Mention 

ГИ briefly mention some other 

highlights of the 512005 

specification 

% RISC design - most 
instructions execute іп а 
single cycle 

Ф Versions are available for 
supplies henveen 2.7VY and GV 


Ф Shit timer and pre-scalec 


i © Extermal and intemal 


Interrupt suurces 

Ф Programmahle watchdog 

@ Analog comparator 

Ф Low power idle and 
power-down modes 

Ф Software security jock 

« Programmable pull-up 
resistors for unused or input 
ports - nice опе, Lonce 
designed a circuit for an 80-ріп 
microcontraller where mast of 
the board was filled with 
useless but necessary resistars. 


An important non-feature is thar 
you сапе add external program 
memory (since it will only fetch 
instructions from internal Flash). 


: Adding external. data memory 


would be just about possible in 


i a Hearh-Robinson kind of way. 


R2 
470R 


[ENGINES-1) 
{ENGINES =2} 
{ENGINES=3} 
{ENGINES =4} 
{ENGINES =5} 
{ENGINES =6} 
{WARP} 


(STORM) 
{LASERS=FAIL} 


{LASERS=OK} 


2 


Figure 3, PCB track layout, 


Circuit Description 
The 9Y PP3 battery is connected 
via polarity-protection diode 
DI toa standard regulator 
circuit based around IC2, C2 
and C3. This is a low-irop 
regulator with a low internal 
current consumption of 3.524. 
C4 is fitted clase to the 
microcontroller (ICi) and 
provides supply-line de-counling, 
When power is applied, pin 1 of 
ІСІ is held low keeping it in 
RESET stae ип Сі charges via 
R1. The microcontroller then 
cames out of RESET state and 
заг program execution. 
LEDOutputs. Each pori line 
of IC} is configurable as input or 
output. Неге, we set all 8-Port В 
lines and lines D6 and DS to 
output, These i0-lines can rurn 
the. LED's on by being ser to 
zero, sinking current, The LED's 
share a single cucrent-limiting 
resistor in this design, which 
means they will be slightly 
dimmer if more than one is on 


"SOLAR FLARE 


БЕВ2 13 ҒАМ i533 


; €ancurrently: In practice, the 
і sofware only drives ane LED at 


atime except during the Warp' 


3 condition (two LEDs) and the 
і startup routine (three) and it's 


nar noticeable. 


Inputs: 


Pons D2 and D3 are connected 


i ма S1 (the ‘ENGINES’ button) 
: and 52 (the ‘LASERS’ button) 


respectively to ground. These 
nwo lines are programmed as 
inputs with the internal putl-up 
resistors activated, so they will 
be at Vee except when 2 button 
is pressed. І 


Sounds: 

The piezo sounder PZI 
provides simple sound ейесіз. 
Ports DO and ГЛ are driven in 
push-pull mode - whén DO is 
high О? is low and vice versa. A 
bit af ‘top’ is filtered off the 
signal by R3/C5. Make sure you 
use a ‘sounder’ or bare 


НАУ KENT 


=й 


transducer, not a piezo buzzer. 
Buzzers have a built-in oscillator 
circuit and only produce а 
single tone, The piezo produces 


: з rather thin sound, particularly 


if you try a bare transducer 
element - the casing of a 
‘sounder’ makes a big difference. 
If you like го experiment, try 
attaching a bare transducer to 
the base of a thin plastic 
disposable cup (you'll need a 
bigger case). Or go the whole 
hog and replace the piezo by a 
simple audio amp and speaker 
(but don't connect Port DO 


£ -directly to your НЕЙ - it won't 


like a 5V signal with a suong 
10kHz component’). 


Unused Pins: 


: Port D4 is untised. Lines XTAE1 


and ХТА12 cauld be connected 
to 3 crystal circuit to provide a 
higher clock-spéed (up to 16 
MHZ), but in this design we use. 
the internal 11Hz RC clack so 
they are left unconnected. 


: Battery Power. 


There is no on/off switch. The 
software puts the $1200 to sleep 


: after four minutes of inactivity 
: or when the user presses both 


51 and 52 together. Pressing S1 


` genemtes an interrupt to wake 


it up again. The circuit consumes 
about 10тА when fully active 
and a negligible ЗиА when 


: sleeping. Don't waste your 


money on exotic batteries for 


: this circuit - the cheapest variety 
: OFPP3 will probable last for 


more than 3 vear in the hands 
of anyone other than ап 
obsessive enthusiast. 


. Software Description 
; This is not the place to give a 
i crash-course in AVR assembly 
і language, so Iwill just give an 
? outline description of the 

t functionality. 


Reset: 


: After powering up, the chip 


leaves RESET mote and starts 
program execution. We initialise 
the ports by setting them up as 
input or output. We activate the 
pull-ups an the вхо три 
switch lines, and for the output 


t ports, set Шей initial state то 


‘one’, which puts them at 5V 


: and therefore turns all LEDs aff. 


Note the inverse logie - zero for 
LED on. ‘one’ for LED off. 

We initialise the timer to 
provide interrupts at 100и5 
intervals - Le. a frequency of 
10kHz. Since most of the 
instructions are single-cycie we 


: might hope to execute up to 


100 instructions berween 


: interrupts. Much of this capacity 


is taken up by the interrupt 


i service routine itself. If you ау 


adding much code to this 


: Toutine you can expect bizarre 
: behaviour as the main routine 


may never get шие to execute, 


: Welcome: 
: The start-up routine now 


provides а son-etumiere show 
with LED's flickering on and off 
to the accompaniment of a 
hissing sound. After a short time 
it goes quie: and alternates Warp 


: and Storm LEDs, waiting for input. 


: Timer: 
: The Timer ISR (interrupt 


service routine) is the heart of 
the program and does и 


: number of jobs. 


1. Mainiain a software clock 
(Хат) го provide an easy 
way for other routines to 
achieve delays. 
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2. Maintain ап EXOR random : any further you would need io Шуош usea Басе piezo : because strong colours will 


number generator which > ller switches. The easiest way $ tmnsducer instead ofthe sounder = show through ihe paper о 
continuously generates t ro get ihe LEDs to the right ; recommended then bear in mind і some extent. Glue the photocopy 
-bit numbers. : height is to cut nwo strips of = thar it will be very quiet unless і onto it - spray adhesive is pricey 
3. Output ‘samples co the 1 cardboard 0.25in. wide for stand- | you таке а small endoswe fori | bur worth it in my opinion. If 
piezo according to the value $ Offs- along strip forthe rop row. $ Thisis preay easy ro do with іп : the copy is black-and-white 
ofthe control byte Audio! во 1 «Of LEDs anda short strip forthe : рініс and glue. : then cofour ir in with thin 
generate noise or waveforms 2 STORMLED.Gluethesetothe : Їтайез сазе ош of 2mm i artists acrylic paint and a very 
of nwo different pitches. : PCB wo iun beween the LEDs 1 MBF but the job was iar too : small brush - alternatively 
i legs, Get the LED polarity right- i fiddly io describe here. The : watercolour or colouring pencils 
Main Loop: і : the longer lead goes i0.the i Maplin PB1 Бох is aclose ft but : might do. You only really need 
a і common line, the shorter lead — : You will need to rim down the - : to colour the space-stations and 
The pou (сер : goes to the $1200. г pillars and mount the PCB with : iris best ro leave the background 
monio тенше OIDE TM. ИТ put IC1 ina : some well-placed filler. A bigger — | іп black.and white unless you're 
buon НИ t socket but it must be very low- £ box would give more breathing : good at getting even transparent 
leen eee Л» к olengths of : space arid might make > washes. Protect the surface with 
variable to request the ‘key : profile to ft Leur two lengths of : Spank ant т: wie. ок м 
diek eol A ЖИБЕ пасс ; ten froma socket sirip for this. : construction easier anc watch са yamish that doesn't cause ihe 
burst. If the player holds the : The top end of IC1 (marked : ош for clearance on the PP5 : colours to run - тебі On à piece 
Putant Кесе keeps р withadotorcutour)istothe i ws БОЕ ADES ao t Of scrap before ruining your 
repeating the click until they і left when you view the PCB from : 2683 lot higger than the PP3 its : artwork! 
release-it. The routines forthe : above in the normal playing : : Various modelling clays and 
ENGINES and FIRE buttons are. ; Position -ie.switchesnearto | Construction E cb sm ірін 
Oe Е i you. LEDs away from you. : P і sculpting the shuttles an 
Mime ee 5 : J used low-profile radial : Of The Board & ; gouge pointers - it's not difficult. 
ENGINES or FIRE sound, as ; electrolytics forCl,C2and C3 — : Playing Pieces ; Milliput and Fimo are two of 
appropriate. Aftera short interval : butifyou use taller ones there : Therearelotsofoptions here | the options, bur fora ready- 
they determine the outcome by : should be room to bend the : depending on your artistic skills : matie solution you could use a 
referring to different sections of : leads and mount them і and how smart you want the : cork pin-board (ог the playing 
the 24bit random number | > horizontally, Bending C over і result 0 look. : board and coloured plastic: 
currently in the candom-number : gives casier access forinserüng = "The published drawing of the : headed pins tor the pieces. 
géueraror. When the outcome : and removing ІСІ. i board is reduced in size.Ideally : 1 nude gauge pointers by 
has been decided ап эрргоргіме 2 ІС? has three leads іп-іпс ata = jr should be blown up onto А2, : forming modelling putty around 
sounc-elfect is triggered and t spacing of 0.05in. This is Í but А2 colourcopiescan cost; the head of an M5 bolt which is 
the result displayed on the LEDs, 2 uncomfortably close for DIY i коб cach. You could photocopy : then passed through a hole in 
Pressing the ENGINES button : PCBssolhavemovedthecente : нага lower magnificationanto : he board and secured with 
will light а single engine LED or, : рай owr ofline - youll needio $ Аз paper. Altematively you coukl : washers and а self-locking nut. 
less commonly the STORM ° t bend the centre lead to fit. This = opt for the-portable chess-set > $f you want a really professional 
IED.Iían engine LED is lit then : component can also be fired P pe of approach using pegged : finish and see all that as a hassle 
the WARP LED may 2150 beli- — : horizontally _ : pieces on а small playing board. : rather than an opportunity to 
signifying an extra go. The laser i The leads from the PP3 clip | ` Seal a sheet of 2mm or imm і exercise your artisury then I can 
LEDs will be off. Pressing the- Е pass through a small hole in the : MDF by painting it on both sides : ѕирріу я colour. printed А2 
LASER button will result in : ВСВ where they can be locked = ro prevent warping. Use white E sheet for ie board and cast 
cither OK or ҒАН, being lir, with 1 wir a spar of glue. E реги (e.g. household emulsion) * plastic shuttles and pointers. 


OK being more probable than 
FAI; all other LEDs will be off. 


Sleep: 

Ifno huuons are pressed for 
four minutes ог ifthe user 
presses both buttons together 
the software will put the 51200 
into power«lown mode. Before 
it executes the sleep instruction 
it ensures that the ENGINES 
button has been released and 
dien enables external interrupts 
on this buicon. To wake the 
system up the user presses 
ENGINES, calling the external 
interrupt ISR which disables 
external interrupts so we don't 
get any during normel running. 


Construction 
Of The Electronic 
Module 

With only 25 components, this is 
prety straightforwanl The main 
thing to watch out for is the: 
height of components above the 
PCB - if the top panel is raised 


Box template showing LEDs. 


"TEIL 
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бате Боли design (shown 50% of full size) 


Solar Fiare Rules 
Your Mission 

Your spate-station’s hydrogen 
rank exploded yesterday: 
Without hydrogen you can't 
make-water and the water 
stocks will only fast a few days. 
Even the emergency supply 
ship gant reach you in time. 
You hit on a brilliant idea: the 
enormous fares bursting miles 
Out into space tram rhe nearest 
Siar are made mainly of 
hydmgen - you could iake a 
shule and collect some. R's 
insanely dangerous but it's the 
only chance for everyone on 
the space-station. Your mission 
is to collect a tank full of 


hydrogen and bring it back. 
The hydrogen has to be 

collected by travelling around 
the inner orbit, closest to the 
star. It's marked in red. Each 
step along the inner orbit gains 
you one unit of hydrogen. 

inforrunately, this is а very 
dangeraus region - at any 
moment a solar storm could 
erupt, flinging you out of orbit, 
or you might be attacked by 
other players lasers... 


Choose Your Station 
Each player selects a space- 


: station (the six coloured circles 


toward the edge of the board) 
and places а shure of the same 
cojour on it. 


Who Goes First 

Going clockwise around the 
board, the colours are in the 
order af the rainbow - kred, 
2:orange, 3:vellow, 4:огееп. 
5:blue, 63iolet. Repeatcaly press 
ENGINES until somebody's 
number comes up - this player 
has the first turn. 


Taking it in Turns 

Players take turns according го 
the order of the space-stations, 
going dockwise around the board, 
ie. blue goes after green, eic. 


One-Way Streets 
Тһе line connecting any rwo 
neighbouring points is а ‘one 
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Way siceet." You can only travel 
in-the direction of the arrow - 
from the thick end 10 the point. 
It you study rhe board youll sce 
thar this simply means you can 
only travel clockwise, never 
anti-clockwise. 


Junctions 
Same points have rwo paths 
leading out of them. You can 
take either path, You can 
change direction in this wav 
during 2 move. 

| 
Exactly - or Minus One 
When it is your turn vou press 
the ENGINES button. It cill 
normally give-3 number from 
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one to six. You can choose the 
number shawn or that number 
minus опе..50 if it shows '5" 
you can choose 557 or *4*; if it 
shows '1' you can choose “17 ог 
ЧУ, etc. Occasionally it shows 
STORM and no number - you 
don't gét a move, 

You must move if there is a 
path available from the position 
you're starting in - even if it is 
not in the direction you would 
like to go. if you arc comptetelv 
blocked by other shuttles you 
must move as faras possible. 


No Jumping 


You cannot jump over another 
shuttle in a normal move. 


Collecting Hydrogen 
You collect one unit of 
hydrogen for each step vou 
make along the INNER ORBIT, 
i.c. between two paints that are 
both on the INNER ORBIT. 
(You don't collect a point for 
arving on the INNER ORBIT 
or leaving it - only when you're 
travelling along a red райт.) 
You cannot colleci hydrogen 
during a move that makes a 
laser challenge-(see tater), 


Inner Orbit Speed Limit 
The INNER ORBIT is a tight 
curve and you can't stay in it 
with a-speed above three, So in 
a single move you cannot move 
more than three steps along the 
INNER ORBIT. For example, if 
you are on the INNER ORBIT 
and vou get a four you could 
choose го move three (the 
‘Minus One" rule) or you could 
move three on the INNER ORBIT 
and then leave it for the last step. 


Time Warps 
When you press ENGINES you 
may gei WARP Ш up in addition 
to a number. This means you 
are in a time-warp and can 
make an extra move before the 
next player's turn. Make your 
first move (dealing with 
hydrogen collection and any 
challenge vou might make). 
Then say whether you want tà 
make a second more. Ifyou 
decide to make a second move 
press ENGINES again and make 
the move in che usual way. You 
cannot change your mind after 
pressing ENGINES - vou must 
go ahead with the move. 

When you press ENGINES for 
your second move vou might 
be really iucky and gct WARP 


г again, in which case you can 


have a third move, and so on. 
Eaċh time you press 


i ENGINES it is a separate move. 


This is important for the INNER 
ORBIT speed restriction and. ~ 
laser challenges where certain 
resirictions apply to a move, 
not to vour whole mim. 


Laser Challenges 
if your move will take you to 
another shurtle’s position (not 


past it) then you must challenge : 


‘RESISTORS | 
Ri- :10K.Min.Res 
-R2 ^ 470 Min Res 
R3. 1k Min Res 


CAPACHORS 
C123 GenElect-1Our 16V 


са ODF MirüEster 
265 0.022yr; MiniEster 


"SEMICONDUCTORS 
1C1 АТ9051200/16РС 
2: Voltage Reg HT1050° 
:01.2,3,4, у 
56 Mini LED Yellow 
D70. Mini LED Green: 
108,9. ‘Mini LED Red 
bii 2044001 
- MISCELLANEOUS | к 
51,2 Lo:Profile Sw HiButri- 


PCB Piezo Sourider 
"32 Socket Sup: 


"PPS Batt Вах 
"PP3 Clip 

Zine Chloride PP3 | 
"Box PB1'Black 
РСВ 

Playing board . 
Shutiles 

Gauge pointers 


осынын, 


: that shuttle to a baser bae, 

t since awe craft cannot occupy 
: the same position. You cannot 
: collect hydrogen during a 


move that makes а challenge. 
Move your shuttle to the 
position ane short of the 


i shuule you are challenging. Teli 


the other shutile that vou are 


making a challenge and press 


the LASERS button. If it shows 
OK vou win, if it shows FAIL 
you lose. The two results aren't 
equally likely - you normalty win. 


NR25C. 
:ВНБВҮ 


ҮҮЗ8Е' 
WA33L 
WL32K 
01730 


CLA8C * or CLASD plus 
£526 for taller button 
.J]H248 
‘ост 


CK65V 

НЕ28Е: 

'NCO7F 

ЕН140 * see text 
* See text 

“see text 
* see text: 

7.зее text 


THE AUTHOR CAN OFFER THE FOLLOWING PARTS: 


Dries nibreglass PCB 
Pre-programmed S1200 


А2 colour sheet of board and convo!-panel 
Set of 6 playing pieces and 6 gauge-pointers 
Ali 4 or the above items as a set (saving £2) 


Os, for the more DIY inclined: *- 


Software and drawings on fioppy-disk 


£4.00 


Pease add £1.50 p&p to апу order end make cheques payable to Нау Kent 
Send your order to: Ray Kent, 79, Byron Road, Leyton, London E10 505 


You can also e-mail me: ray.kent@virgn.net or visit my Web site: 
hitp//ireespace virgin.net/ray.kerrt 
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“Move the losing smide to the 


? nearest vacant SAFE POSITION - 


that is the one that cin be 


: reached bv the shortest orbital 
i path from its present position. 


Ignore the "Хо Jumping rule. 
(There are six SAFE POSITIONS 


: - marked with rings.) E the 
> shuttle making the challenge 
: won move it one step to the 


position thar was challenged. 
Neither shunde can collect 
hydrogen during this whole 
sequence. 
i's not always a good idea to 
challenge another shuttle if you 
could avoid it by moving less. 


: for example. This is especially 
і tue if the other shuttle is on 

Р its way home - you might help 
: напр its way! 


: Solar Storms 

: When you press ENGINES it 

: may nor produce а number but 
: light up STORM instead. The 

: STORM affects ALL shuttles that 
: are currently on the INNER 

і ORBIT. Starting with yourself, 

i and working clockwise around 

: the players, each shuttle on the 
i INNER ORBIT is flung out io the 


Nearest vacant SAFE POSITION, 


: ignoring the "No Jumping rule 


(just as i£ it had losta laser 


: challenge). Any shuttles а: are 
= not on the INNER ORBIT аге 


not affected. Play then passes to 
the nexr plaver. 


: Tank Full 

t When your hydrogen tank is 

: full you can start making your 

? way back to your-space-station. 
: The tank cannot get overfilled - 
і you can still travel along the 

: INNER ORBIT and just ignore 

: additional hydrogen units. 


; Docking 
i To finish you must dock with 
i your space-stalion (geming 


your ише back to the marker 


i it stared оп). You can't dock if 


you're travelling 100 fast, you 
overshoot. The space-station 
bas гхо entry points. This, 
combined with the ‘Minus 
One’ rule means that you have 
about а fifty-fifty chance af 


i Betting on to it when you 

: approach. If the number given 

: by ENGINES is тоо high then 

i your shuttle overshoois around 


the back of rhe space-station and 


: will have ro orbir rhe star again. 


The first shule to dock is 


2 the winner, Good Luck! 


Hobtv 
MACHIN 
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Gregg Grant recalls some of the glorious machines ` 

of yesteryear. Е 
} as demonstrating the progress Uyat science 

і and its application had brought, and would 

і continue to bring. All that was needed was 

i more - and bigger - machines. Therefore 

2 when they built machinery they built big, 

: ancl built to last. This is still evident today 

? when, in a number of areas, machinery of 

: Victorian vintage is being replaced. So solid 

> were many of those structures that - even 

5 with modern demolition techniques - they 

> are by no means easy to remove. A good 


Introduction 


Not the least of nature's ironies is that, in 
order to investigate the behaviour of the 
smallest particles, scientisss have to use- 
some of the largest pieces of kit yet devised 
by man. Such machines -tọ the layman at 
least - appear to have names, acronyms and 
initials 25 obscure as their functians. 

To the Victorians, machines were the 
symbol of their technological virility, as well 
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Figure 1. The van de Graaf Generator of 1929. 


example of a Victorian electrical device was 
the Wimshurst Machine, 

James Wimshurst was.a Londoner, the 
son of the constructor of the first wo 
screw-propelled ships. After un 
apprenticeship at the Thames Ironworks 
and a post as a Surveyor of Lloyds, he 
became interested in what was then known 


: as electrical influence machines. By 1580, 


he had built a number of the pes then 
availahle, but was unhappy with their 
performance. He decided that he'd design 


: and build his-own model, which he termed 
a Duplex Machine, but which came ta be 


known siniply as the Wimshurst Machine a 


: huge, nwo-plate схабіріе of which he 


presented io the Science Museum. 
By 1896, he discovered that this massive 


: machine was an excellent generator of X 


rays. Н was also usect іп haspitals for 
producing powerful brush discharges, at 
that time thought to be а worthwhile 
method of treating cancers, among ather 
things! Indeed, it wouid remain the only 
machine of its kind until wëll into ihe | 
present century. 


Cockcroft and Walton's 
Voltage Multiplier 


The first true particle accelerator was huilt 
by the British physicist John Cockroft and 
his Irish colleague Ernest Walton, at 
Cambridge. They devised a voltage 
muloplier chat built up a high electrical 
voltage, capable of accelerating prowns 
such that they displayed very cansiderable 
energy, or speed. In this context, speed and 
energy mean one and rhe same thing. 

The Cockcroft and Walton multiplier 
generated some 400,000У and, in 1932, the 
pair succeeded in boosting protons іп an 
energy level such that they managed to 
break up the nuclei of lithium atoms. This 
was ihe experiment that really began the 
nuclear age. and in 1951 и won the pair the 
Nobel Prize in physics. 


The van de Graaff 
Generator 

In 1929, the Américan engineer Robert van 
de Graaf arrived at Oxford as a Rhodes 
Scholar, and took.an immediate interest in 
the Wimshurst Machine. He realised that it 
could be considerably improved by storing 
the charge on а hollow meral sphere. 

The sphere was placed on top of an 
insulating column, the charge being built- 
up on 3 high speed Бек. This belt, made of 
insulating material, separated electrons 
from protons, depositing them at opposite 
ends of the machiné. Van de Graafs first 
machine - which he termed a generator - 
produced a potential ai 8 Megavolts (Mv). 
Later, using chlaroffuorocarbons - the now- 
infamous CFCs - or high pressure nitrogen, 


i van de Graaf increased his generators 


output to IáMsy; 
There were, however, limitations to what 


і such machines could achieve in particle 


physics research. Whilst their output was 
an improvement over Wimshursr’s earlier 
mexlels, far higher voltages were required 
10 take particle physics further than they'd 
been taken by Coé¢kerofi and Walton. 
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Seam of particles ` 


Figure 2. The Linear Acceleratar, or Linac, of 1939. 


Linear Acceleration 


The Linear Accelerator was developed in 
1939. Commonly knon as the Linac, а 
rather obvious dual-element derivative, this 
machine - illustre in Figure 2 - accelerated 
particles in stages. The particles passed 
through a series of metal tubes, to which 
accurately timed voltages were applied, 
boosting the particle beam ro speeds closely 
approaching that of light. 

There was, of course,.an obvious snag 
with the Linge: its size. To achieve the bean 
energies required, such machines had to he 


several kilometres long. The American 
physicist Ernest Orlando Lawrence however 
proposed a solution to this problem: make 
the particle path circular. 


The Cyclotron 


[ri 1930, after some ovo years al development 


? work. Lawrence built a 30.5 cenrimerre (cm) 


diameter Magnetic Resonance Accelerator. 
ar rhe University of California 2t Berkeley. 
The ргіпсіріс is ilastrated in Figure 3. 

Іп this design, the particle path was bent 
inte a spiral Бу го D-shaped magneis, to 


: which an zc voltage had been applied, thus 
i generating fields which alternately pushed 

: and pulled. As the beam's energy increased, 
: its path swung closer and closer to the 

t instrument's rim until it shot through a sli 

t ro bombard its target. 


Although his original model was small, 


: Lawrence achieved energies greater than a 


million electron voles, or MeV, with it 
However, he disliked the name Cyclotron - 


: derived from the fact that the particles 


travelled in what was, in effect, а circular 


t Linac - regarding it as a piece of laboratory 


slang. Hence his rather grand alternative. 


Linear 
accelerator 


Circular accelerator 


Accelerating section 


Electromagnets 


Figure 3. The principle of the Cyclotron, of 1930. 
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Nine years later, Lawrence Би a 1.3m 
diameter version of his original machine, 
which produced energies of the order of 
20Me¥ This, in пить, brought its own 
problems. The particles, as a result of their 
speed - which was some 90% of the speed 
of light - greatly increased in mass, resulting 
in their lagging behind and falling ош of 
synchronisation with the alternating Нем. 

This problem was overcome by a further 
development of Lawrence's original machine. 
which was termed the Synehrocyclotron. As 
its name implied, this machine synchronised 
the supply frequency of the Beld with the 
mass increase of the particles. 


The Betatron 


Accelerating protons was one thing: doing 
the same tò electrons quite another, for 
they're far smaller particles than protons. In 
1940 however, a machine for doing exactly 
this was developed at the University of 
Minois, uncer the direction of the physicist 
Donald W Kerst 

At the beginning of the century, electrons 
had heen known as beta particles, from the 
second letter of the Greek alphabet. 
Consequently Kerst termed his machine a 
Betatron another, fairly obvious, dualelement 
derivative. 

Structurally, the béiatron was an evacuated 
tube formed into a circular loop, which was 
embedded in an electromagnet whose 
windings were parallel ro the loop. AC current 
in the windings produced a varying magnetic 
Бекі which periodically reversed direction, 
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Large betatrons have produced electron 
beams with energies in excess of 340MeV 


: There is, however, one problem with these 


machines - their weight. The 340MeV device 
for exumiple weighs a considerable 330 Eons, 
almosra ов for every 1МвУ! 


Mega Monsters 


Big as such machine are, they've been 


dwarfed by the giant particle colliders now 
either up anct running. or about to be, in 
both Europe and America. 

As noted earlier, the problem with Particle 


: accelerators was relativity, which applied а 


natural law of diminishing returns in that the 
closer such techniques approached the speed 
af light, the greater the difficulties caused by 
increasing particle mass. Science however saw 
a way forward in the Panicle Collider. in 
which particles are accelerated іп one 
direction, and antiparticles in the apposite 
direction. and then brought into collision. 
One such machine is the Zecetroz, built 
at the Fermi National Accelerator laboratory 
in Illinois іп 1983.-its circumference is some 
6.5 kilometres (km) and it uses 
superconducting magnets, cooled by liquid 
helium, to produce a field sufficient to 
accelerate protons in one direction and 


: antiprotons in the other. This machine's 


collision detector is a massive 5,000 tang 
and it achieves energies of J.Stera - ar 
million-million - eV! 

Іп 1989, the Conseil Européen pour la 
Recherche Nucleairé (CERN) finally 
completed its Large Flectron-Positron 
Collider ог LEP 


This huge machine is 26.7 korin 
circumference and has no less dan four 


: gigantic collision detectors called Aleph. 

: Delphi, 13 and Opal. the events they 

: observe are collisions of the arder of 100 
: billion ev! 


Presently however, big scientific 
machines appear to be going out of fashion, 


: certainly with the people who control 

: National wallets. [п 1989 for example, the 

: Americans began work on the most 

: ambitious particle investigation machine yet 


devised, the Superconducting Super 
Collider, or SSC, This massive piece of 


> equipment was going to occupy an oval 


tunnel no less than 85km Jong! 
The budger had been estimated ara 


: siapgering 11 billion dollars. After some 2 
: billion of this sum had bought a mere I6km 


of tunnel, the United States Congress called 


a halk. (t concluded there were far more 


worthwhile - пох to say readily 
understandable - projécts at which this kind 
of money could be thrown. 

In Europe, CERN had considered building 


: ап investigative picce of equipment every 


bit as massive as the SSC, the Large Hadron 
Collider, or LHC. This, it was intendi, 
would use an existing runnel under the Jura 
Mountains near Geneva. Thus far however, 
this seems unlikely: Economic relativity, it 


: моц аррешг is every bit as limiting as its 


scientific cousin! 
Next month. in the final piece in the series, 


: we'll look at how an alphaber - ar the lack of 


ane - could have influenced the history of 
technology over the last avo millennium. 
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ast month we introduced! the subject 

of the third dimension and saw how 

ordinary csmeras, computer monitors, 
TVs and cinema screens are able - ai lest in 
part - to foot us into perceiving depth, even 
though we're looking ar something which is 
perfectly Aa. This is achieved by 
reproducing various so-called visual depth 
cues such as perspective, shading, | 
shadowing and the like. Bur, of course, this 
isn’t what most peaple mean when they talk 
about 3D. So the nuin part of the-article 
looked ai rhe various ways in which another 
important depth cue, binocular disparity, is 
recorded photographically or generated by 
computer and How the resultant 
stereograms cin be displayed. We saw that, 
to reproduce binocular disparity, it's 
necessary io generte two images, one for 
tt: left eve and one far the right. Wealso 
saw that some viewing method then has to 
be devise such that each eve only secs the 
image created for that eve. We saw variaus 
method by which this could be achieved but 
all can be summed up by the word 
stereoscopy Exactly why stercoscopy makes 
us perceive depth in such а speciacular wav 
is hard to say — 1 guess it's all tied up with 
the way our brains process visual 
information — bur mosi people find the 
results pretiy spectacular, 
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But impressivé as the various types of 
Stereogram might be, rhe technique only 
adds binocular disparity to the depth cues 
already present in conventional 
photagraphy or computer graphics. You will 
have discovered if you read last month’s 
article, that there are a further two visual 
depth cues which stereoscopy doesn't give 
us. The first of these is ocular | 
accommodation which is the ability to 
selectively focus our eyes on objects ar 
different distances, and the second is 
motion parallax. Here, 25 we move our head 
from side to side, Іле view changes witht 
object moving in front of more distant 
objects which happen to be in а direct line 
with our eyes. Our first topic this month is 
holography, a special түре of photography 
which is able ғо reproduce every single 
visual depth cue. This month we'll be 
concerned purely with conventional 
holography but this will lay rhe foundations 
necessary to understand the. research into 
computer-generared holographic hardcopy 
and electronic holographic displays which 
we'll investigate next month. Our second 
main горе ir this month's article is the 
various ways in which srereoscopy can be 
brought to electronic displays. Unlike the 
quest for electronic holography, this is 
technology which is widely available today 


Holography 

Despite the fact that the hologram is 2 
relatively recenc introduction, ihe word is 
now in everyday use. Perhaps this is due to 
the prolifecatian of so-called holovraphic 
projections in Star Wars and the like 
although these are most definitely in the 
realm of science Вспап rather than science 
} fact. More likely, it has something to do with 
і the tiny holographic stickers which now 

: adom credit cards anel the boxes in which 

Microsol Windows is distributed. However, 

the impact of these mass produced 
: holograms falls far short of that of true silver 
i halide holograms and it's probably tue to 
= say that most people have never seen these 

fully featured holograms. 

When ап ordinary photograph is ken 
t using a conventional camera, a lens focuses 
i light onto the film such that each point ап 
the film receives light rellecied ой: 
particular point in ie scene being captured. 
The properties ofthe Blm then allow the 
reflected light intensity froni each of these 
paints ғо be recorded. This gives а гхо 
dimensional representation bur — with the 
exception of the implied information in 
depth cues such as perspective and shading 
— no information regarding depth is 
recorded. At this point, Jet me remind you 
that light is а waveform. Тет me also remind 
you that laser light is referred to as being 
coherent. This means that it is 
monochromatic and thar all ihe waves are m 
phasc. If, however, a laser beam is reflected 
of some object, the waves in rhe reflected 
beam will differ in phase, the phase 
difference being и function of the relative 
distance each wave had travelled So, if 
some method could he devised such that 
ihe phase of light, and псн just its intensity. 
could be recorded thea we хош have 
enough information to reconsuuci а proper 
three dimensional image. This is the 
principle behind holography — let's see how 
it works in a more detail. 

Simply iking ж photograph in the normal 
way but using a laser instesd of a more 
conventional light source does not produce 
a hologram since the phase informadion 
won't he recardecd. Instead, some sort of 
reference is required agains: which the 
phase of the waves in the beam reflected off 
the subject can be compared. This is 
achieved by splitting the laser beam using a 
semi-silvered mirror 25 shown in the 
illastration. IF the reference eam can be 
made to coincide with the beam reflected 
t off ihe subject, an interference pattern of 
i light and dark fringes is created. The 
: interference pattern contains Information 
abou the phase difference between the 
reference and the object beam and, if the 
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Figure 1. Photographic recarding of a hologram. . 


rwn beams are made to coincide on a very 
high resolution film. this pauern can be : mirror 
recorded phoragraphicalh: See Figure 1. 
Is important to note, however, thar а 
hologram isnot un image in the:same way 
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that a photograph is an image. In other : diverging „ 
worts, опе point on the hologram does пог E lens 
carresporkd to a particular point in the H reference 


recorded scene. Since a lens hasn't been beam 
used to focus the light onto the plane, each 
point in the scene ends up illuminating i 
many parts or the hologram. All of this gives 
rise to a number of intriguing properties of 
a hologram. First of all, since the hologram 
contains light which was reflected off the " 
object in many different directions, it 3 Figure 1. How a hologram is reproduced. 
contains information which should allow 
images from multiple viewpaints to be 
recorded. However, aml here we come to 
our second point, when you look at а 
hologram (or more specifically a 
transmission: hologram) in white light you 
болт see the object which is recorded іп it. 
it's appropriate to investigate, therefore, just 
how we do view a hologram. As youll be 
aware, one way to bend light is ta usea ’, 
lens. Another way is to use the fine 
interference patterns of a hologram which 
can be thought of as a very complicated 
lens. So, if you shine а beam of laser light at 
the hologram from the same direction thar 
the reference beam was shane 10 genene 
it, the interference patterns in the hologram 
bends the light into various directions : 
equivalent to the directions ar which light E 
hit the hologram during its creation. So 25 
you look through the hologram vou see. the 


object in full Зра Ше other side of the is created by shining the reference beam 
hologram as iit were a wink into the : onto the apposite side of the photographic 
original scene. And that scene really is in АИ: flm fram the object beam. And-now: of 
3D. Not only do you get binocular disparity £ course, since the illumination ofa halogram 
since each eve will sec a slightly different = has to be from the same direcion as the 
image. but 25 you move your head from side : reference Beam during its creation, it is 
10 sgle ar up and down then the scene will illuminated from the same side as the 
change. You'll see che scene from different viewer. In other words. viewing-2 reflection 
angles and objects will move in front of ` 
other uhjects. lve even seen a hologram 
which included а magnifting glass. If vou. 
moved your head so that you were ‘looking + 
Цзи)” the magnifying glass thea the i 
ohjects behind it were indeed magnified. 
Now that's what 1 call real 3D! 
Interestingh, то view a hologram you 
don’t have to use a kiser beam al the same 
wavelength as that used to create it. 
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However. the apparent size of ihe object 
and it's distance behind the hologram will 
vary if you use a different wavelength. For 
example, if vou create a hologram using 2 
red jaser and view it using a blue laser, the 
abject will appear smaller than it actually 
was. This also illustrates why и isn't possible 
ta view a Conventional holagram using ап 
ordinary white light source. Since the 

і hologram will defract all colours of light— 

i not just che colour used to créai it — you'll 
end up seeing multiple images or different 
sizes each in a different colour 11 might 
vaguely resemble the original scene but 
that's about all. However, some types of 
holograms, and specitcally reflection 
holograms - as opposed io the rransmission 
holograms we've ulready seen -сал be 
viewecLin white ірін 50 long as it comes - 
from a point source. A reflection hologram 
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hologram is like viewing an ordinary 
photograph, However, the properties ofa 
reflection hologram. causes all but a single 
wavelength of the fight used to illuminare it 
io be absorbed by the film, Only a single 
wavelength is reflected, therefore, and the 
viewer secs just.a single image in a sinple 
colour. Many of the mass produced holograms 
are of the reflection ope but ace specifically 
embossed as opposed to being created on 
phowgraphic film. This gives rise to the well 
know rainbow effect – as you move your 
head, though, the specific colour of reflected 
light will change and the image can be viewed 
in a whole range of colours, See Figure 2. 
All that we've seen in this series so far 
concerns conventional techniques for 
creating and viewing three dimensional 
images — either siereograms or holograms: 


i Adminediy we looked [ast month at how 


fF 


image seen 
through hologram 


light diffracted 
by hologrem 


computers ease the production and display 
of left-right stereo pairs, of anaglyphs of 
various гурех and of single image random 
dor siercograms and Magic Eve images. 
Nevertheless, many of the techniques would 
have been familiar to Victorian srercoscopisis. 
Although this month's coverage of 
holography is much more up to date, with 
ihe exception of the laser which is used to 
create and view a hologram, this doesn’t 
have much to do with electronics. However. 
all we've covered so far is essential 
background maierial го our next topic, 3D 
viewing methods designed specifically for 
the computer display and for television. 


Stereoscopic CRT 
Screens 


Having jusi looked at the magical word of 
halography, you пасі feel. chat a rerum 10 
Stereoscopy is a retrograde step, and in a 
way it is although most people da, 
nevertheless, find stercoscopic images 
pretty impressive. However, since 
techniques for computer generated 
holograms, holographic TV and video are 
still very лас ас the pioneering stage it 
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seems appropriate to start off our 
investigations with technology which is 
available today, Actually, we've already seen 
iwo possible ways in which stereoscopic 
images could be displayed on a computer or 
TV screen. The first methi is to display-a 
left-right stereo pair on the screen and the 
second is to use anaglyphs: but neither is 
ideal. Srereo pairs place constraints on the 
size and/or viewing distance and anple 
whereas anagivphs сап compromise colour 
renuition. Nevertheless, anaghphs can be 
foun on the Web for on-line viewing 25 the 
two images of the Маг из surface 
photographed by the recent NASA mission. 
to the Red Planet and displayed on their 
Web site shows. One is a Martian scene 
containing the ‘сома peaks" taken fram the 
Pathfinder lander whereas the other is a 
shot of the Pathfinder and its airbags aken 
from the Sojourner rover. Clearly analgyphs 
can have a more up to dace image than 505 
horror movies. IF you didn't obtain a pair of 
red-blue рех ro view rhe anagivphs іп last 
month's article but want го ег these 
images in 3D, see the end of this article for 
details of where 10 ger a pair. 

The next method of stereoscopic display 


Left eye view displayed 


Left LCD shutter transparent 


"m 
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on a CRT which we're about то look at has 
none of ihe drawbacks of conventional 
Stereoscopy. First of all. a stereoscopic pair 
of images із generated and each is placed in 
its own vidéo buffer on a specially adapred 
graphics card. Now, the nwo images are 
displayed alternately on the CRT at a high 
frequency. Normally, this is done ut double 
the intended refresh rate. For example. if 
you require а 70Н? refresh rate, the nwo 
images would have то be switched at a 
frequency of 140Hz and this clearly places 
stringent constraints on the monitor. If you 
were 10 look at the CRT in the normal way 
you'd get a result which is not dissimilar ro 
that you get if you look at an anaglyph 
without wearing red-blue funny glasses. The 
picture would be recognisable but it would 
be blurred since you'd actually be seeing 
two slightly different photographs at the 
same tinic. To avoid this and. in so doing, 
see thé image with fuil binocular disparity, 
vou have то wear a special pair or glasses. 
Each lens is an LCD shutter, that is a liquid 
crvsial filer which can be made transparent 
or opaque depending on whether or nor an 
eleciricai paieniial is applied. The glasses 
connect to the display hardware and this 


Images 
alternated 
al high 
frequency 


LCD 
shutter 
glasses 
synchronised 
with 
display 


Figure 3. Stereoscopic display on a CRT, but this requires very elaborate glasses, 
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drives the lenses in s way which is 
synchronised ro the switching of the images 
on the screen. So, when the left eye's image 
is displayed ой the screen the left tens is 


made transparent and the right lens 


opaque. And when the righi eye's image is 
displayed on the screen the right lens is 
made transparent and the lei lens opaque. 
Clearly, as with all the other methods of 
stereoscopic reproduction we saw last 
month, each eve sees oniy the image 
generated for that eye and the result is 
ihrée.dimensional. See Figure 3. 

Bur, of course, there's a snag with ihis 
method of stereoscopy. Most people don’t 
like io have to wear the cardhoard glasses 
which are used for viewing anaglyphic 
photographs or movies but rhe LCD shurer 
glasses are even less user friendly For а start 
the user ends up tethered to the display 
hardware via з cible and secondiy the 


- glasses are heavy. Furthermore, the solution 


becomes even more unwieldy with multiple 
viewers — it certainly wouldn't lend itself to 
video projection. ОК. a few companies have 
produced wireless LCD shutter glasses 


. which communicate with rhe display 


equipment via an infra red link but this 
doesn't solve the weight problem, in fact we 
might reasonably expect that these glasses 
will be even heavier An aliernarive 
technology, therefore, uses passive plasses, 
Still not everyone's cup of rea, admittedly, 
but it's a major improvement on the active 
system. Herc, rather than pur erve LCD 
shutters immediately in front of the viewers 
eves, an active screen is placed directly in 
front of the monitor or video projector. This 
screen can be made to polarise the light in 
different directions depending on rhe 
applied electrical potential. Once again, this 
screen is synchronised io the swapping of 


Right eye view displayed 


Right LCD shutier transparent 


Гей eye view displayed 


LCD 
polariser 
synchronised 
with display 
and placed 
over screen 
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frequency 


Passive glasses 
with crossed 
polarising filters 


Figure 4. Stereoscopic display using passive glasses. 


the on-screen images such that heleft eye's 
image is polarised differendly from the right 
eye's image. Now alf that is needed is а pair 
of passive glasses with crossed polarising 
filters such as those which are used for 
conventional projection of photographic: 
stereo pairs. See Figure 4. 


Head-mounted Displays 


Perhaps the most obvious and easy mérhod 
of viewing 2 stereo pair is the merhod 
employed all those years ago Бу the: 
Victorian photographers who popularised 
3D. ii is also the method used in the 
Viewmaster 3D viewer. Siniply put two small 
images side by side and use some simple 
optics to ensure ihat each is seen by one eye 
and one eve only. And unlike free viewing of 
telt-right stereugramis ihis method doesn't 
require you to learri somé rather unnatural 
Viewing method. The next method af 
displaying a stereo pair of electronic images 
is basically this method brought up to dae. 
As we'll see, though, when this technique is 
used in conjunction with a real time image 
generation system. exciting new possibilities 
present themselves. 

The system I'm talking about is the head- 
muunied display which generally tends to 
be associared with virtual reality Whar 
makes this so appropriate for viraral reality 
applieations is that it provides а so-called 
immersive environment. If you sit-in front of 
a ТУ screen or computer monitor the image 
on the sereen doesn't Й your entire field of 
view. So however compelling the story line 
of the film your watching or however 
güpping the action in the latest version of 
Tomb Raider, you're not going 10 loose sight 
of the faci chat you're actually sitting in your 
lounge or зон; The aim of victudl reality; 
however, is to.make you loose sight of 
where you actually are and start to think 
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that you're ii the world displaved on the 
screen, And to do rhis the image needs io 
wrap around you completely. This is 
achieved by displaying the image ап a tinv 
LCD screen very close io your eyes and 
using optics 10 allow vou to focus on the 
image and make it fill your field of view. 
However, if, instead of one, vou have pvo 
LCD screens, one in front of each eve and 
each with its own optics, stereoscopy 
becomes possible. And now vou don't just 
have an immersive environmen: but you 
also have one which is in 3D. Well almost, 
ceriainly binocular disparity is added and, as 
we know chis can be ane of the most 
effective visual depth cues. 

But as we also know; irs not the oniy 
depth cue which is missing from a 
conventional photograph or elecironic 
display. The remaining wo are ocular 
zecommodation and motion parallax and, so 
far, we've only seen holography which can 
reproduce them. With pre-recorded video 
footage ihe head-mounted display i$ only 
ever going to vive us binocular disparity 
However, i£ we're concemed with real rime 
computer generated images ел motion 
parallax also becomes possible, so long as we 
ñt a motion sensor to the head-mounted 
display that is. Now, as the user's hear! moves 
from side to side or up and down, use 
computercin cderermine the direction of 
view and re-calculate arid display the image 
accordingly. Clearly Mis сап provide mation 
parallax bur the technique goes bevand this. 
AS an alternative to moving то the defi and 
night or up and dawn, the user might choose 
ro turn round. And now, of course, it isn't 
just а maner of seeing the same scene [топта 
slightly different viewpoint but of seeing й 
totally diferent scene. Once again, this isn’t a 
problem if the graphics is being genenited in 
real time. Strictly. speaking this is morë to do 
with maintaining the immersive environment 


Right eye view displayed 


than providing another visual ери cue but 
it 15, nevertheless, another way in which the 
electronic image can become more convincing. 


Volumetric Displays 

Next month, to complete our series, we'll 
look at various three dimensional display 
technologies which are sillat the forefront 
of technology, And this 15 alse where we'll 
complete this particular instalment. 
Specifically we'll look at 2 possible 
technólagy which seems so obvious bur is 
sult very much experimental. As we'll see, 
however, despite the fact that research into 
this form of display continues. it does rather 
appear that the technology is something af 
a blind ailev. 

I know that it's very difficult to try to un- 
learn something but, for the moment, try to 
forget all we've covered in the series so far. 
In other words, forger about stereoscopy 
and forger about holography, After all, in 
some ways these are nor exactly intuitive 
approaches, They are, déspite appearances 
to the сотгагу, Бо ways of recarding 
depth information in something which is 
actually two dimensional. How might you 
design a 3D display if you were starting 
from scratch with no pre-perceived notions? 
Might vou take rhe approach of designing a 
display which is actually three dimensional 
rather than flat? Certainty it seems rather 
strange-in the tight of rhe other approaches 
we've famed about bur in many ways it's 
surely the obvious solution. Such а device is 
called а volumetric display and is the three 
dimensional equivalent of an LCD or CRT 
screen. Instead of a flat зи асе in which any 
pixel on that surface can be illuminated in 
any-colour, a volumetric display is a cube in 
which any three-dimensional pixel or оҳе 
anywhere inside that cube can be 
illuminated. One way of constructing a 
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volimeiric display would be to assemble а 
tree dimensional array of LEDs. The image 
is then written to the display in much the 
same Way as an image is written tO а two 
dimensional display. Simply light up the 
appropriate LEDs to create an image of the 
three dimensional objecr.Sincé the object 
indy would be three dimensional then the 
various depih cues which we've scen will atl 
һе: еге. Of course, the image would only 
be smali, nothing would be more Шап a 
metre or so away so many of the visual 
depth cues such as colour gradient which 
are only appreciable at distant wouldn't be 
seen. Ironically, though, some of the tickier 
ones to reproduce on a Bat surface = A 
binocular disparity, ocular accommodation. 
and motion parallax — would all be present. 
This method of constructing а volumeinic 
display is by no means а practical 
proposition of course —itwas provided 
purely as an easy to understand illustration. 
The difficulties which come to mind are 
how tà support the LEDs and how to wire 
them up such that che supports and wiring 
aren't visible and don’t obscure other 
LEDs. Most serious work on volumeiric 
displays has involved filing the cube with 
some fluorescent material and causing a 
particular voxel to illuminare by exciting it 
with kiser beams. The usual approach is to 
address а voxel using a pair of laser beams. 
By picking ап appropriate fluorescent 
material and appropriate lasers its possible 
i1Yarrange that fluorescence will only take 
place at a voxel where the two beams 
intersect. Now, of course, we have а means 
of addressing voxels in їзгее dimensions. 
Ali of this sounds very convincing at first 
sight but there 15 а snag: Vosels could be 
illuminated, certainly; depending on the 
Technology it might be possible to 
illuminare them in any colour; and voxels 
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could be rurned off What it wouldn't be 
possible to do, however, is to make them 
opaque. So motion parallax of a sor would 
be possible — objects would appear to 
move relative ro closer or more distant 
abjects as you move your head but is 
wouldn't be possible for ane object 10 
obscure a more distant object. № other 
words, objects will all be transparent or 
translucent so 1 volumeuic. display would 
produce the three dimensional equivalent 
of a wire frame model. This would be 
useful for some tasks such as engineering 
design, udimitredly, bur it.ctoesn’t seem that 
it would lend itself to genera) 3D imaging 
where phato-reality is а requirement 


Auto-stereoscopic 
Systems 


In many respects the volunieteie display is 
far from ideal but it does have one 
imponant property which, so tar, we 
haven't seen in an elecuonic display — it is 
auro-siereoscopic. In other words the 
viewer doesn't have to wear glasses or 
make use of any other viewing aid. This is 
the usual definition af sute-stereoscopic 
but fd like ro add one additional 
constraint, namely that the viewer doesn't 
have to engage in the son of visual 
gymnastics which are required ro ее view 
left-right siereo pairs or Magic Eve images. 
A stereoscopic display ar hardcopy, 
therefore is one in which the scene appears 
three dimensional just by looking at it in 
ihe normal way. Ir this series we've only 
seen one practical method of three 
dimensional imaging which has this 
property and this isn't an clectronic disple 
That ane autostercoscopic imaging 
technique is holography: Most af today’s 
research into electronic 5D imaging and 


computer 3D hardcopy is concerned with 
auto-slereoscopy and as we conclude our 
look ar the third dimension in next month's 
article we'll see a number of systems which 
are currently being put through their paces 
in the development Iahoratories, 


Sources 


Remember ihar if vou need a рай ог retl- 
blue glasses 10 view the various anaghyphs 
in last month's ardicle or the one oi the 
Martian surface in this anicle, these are 
freely available. 3D Images Lid. will supply 
гхо free pairs of glasses (red-green, red- 
blué ar one of each). To take advantage of 
this affer, send : stamped self-addressed 
envelope га 5D Images Ltd. at 31 ‘The 
Chine, Grange Park, London, N21 2ЕА. 

A wide range of 3D productis and services 
are available from 3D Images Hd at 0181 36H 
0022 àr http: //wad. stereascopy.com/3d- 
images. The company specialises іп most 3D 
iechnotogies including angelyphs. tenticular 
Sterenurams, Side-by-side stereo pairs, Magic 
Eye type stereograms and holograms. They 
can aiso provide steréo cameras (including 
але]. stereo projection systems and LCD 
shutter displavs. 

Spatial Imaging‘Led. is а supplicr of 
commercial holographic services and 
equipment, mainly for security nd display 
purposes. The company ain be contacted 
on 0181 332 1948 or you may like ta tke a 
look ai Шей Web site ac 
http://wea.holograms.co. uk where there 
is 2 Wealth of information-on 3D imaging. 

i€ on the other hand, you have no 
commercial use for hologruphy but find this a 
fascinating area. you might be interested in 
Laza Holograms who sell from stock siker 
halidé refiection holograms іп 1-04 quantities. 
Contract 01276 683000 for a catalogue. 


BJC-2000 
The BIC-2000 is 30% simaliér chan the: 
current: BJC-4300, and is claimed ro be опе, 
of the simaltest desktop printers available. 
Burit is designed to meet the needs of 
mono. colour and phoro quality printed 
ourpür, and so is ideally suited lor.the 
home user wha requires quality-at а 
realistic price. р | 

“This printer is very easy tò install and sèi- | 
up. Thé front cover ís pulled down.and the 
ink cartridge carrier automatically centres 
itself, the cartridges are then literally 
dropped into the carrier. Driver installation 
sofiware is supplied on CD-ROM and 
installed in minutes. 

In use the printer is reasoriatly quiet and 
simple text documents were-printed quickly. 
Results were more than adequate for normal 
home and small business use. Colour 
printing was much slower, especially when 
the photo cartridge was used, but when | 
using glossy photo quality papèr, the prinred | 
results were extremely good. Obviously, print 


Jobn Mosely tries out the very latest colour printers 
„гот Canon. 


anan has iniroduced four new 
C bubble ісі printers to there 

range - from the budget BjC-2000 I 
ro the fast, high performance BJC-7100. 
Each one offers a range of features suited 
to your neels for use in the home to 
cost effective business and professional 
printing requirements. 

Canon’s patented Drop Modulation 
Technology is used to produce quality 
colour printouts by varying the size of the 
ink drops. Images are created by using 
dots of different sizes and. colour.- small 
dois for areas of law colour sauiratian 
and fine detail, and large dots for 
saturated areas and solid blocks, Canon 
claim this results in images rhat have. 
gater depth of colour and 

subtlety of shading, 

All the printers can cope 
with a wide range of print 
media, and feature 
automatic sheet feed. At 
the front of each 
printer is a pull-out 

tray to hold the 
printed page. 


. © BJC-4400Photo 
ч | ro : This model is primarily aimed at users who аге pariiculartv interested in photo 
De, : quality printing at an affordable price -whether in the home or office 
environment. Compared ro the BJC-4300 mono printing speed has increased by 
30% - up to G.5ppm. Colour printing using rhe-BC-21e colour graphics cartridge 
is up io 2.3ppm. Specially developed inks used in ihe BC22e caruidge 
(included with the printer) give excellent true-toJife results, ptus the printer 
driver includes ‘image optimiser’ which is intended to increase the quality of 
low resolution images. Using the standard BC21e colour cartridge 720 x 360 
: dpi resolution is achieved, which is aiso achievable with the tono cartridge 
: with smoothing. 

The sheet féeder has a capacity af up to 100 and will accept 64 то 105gsm 
paper, which is’similar to the BJC-2000. Again, using the 15-22 optional scanner 
cartridge turns the printer into a 360 x 360dpi, 24-bit scanner. 

: Bundled with thé printer, along with the BC22e cartridge, is a pack of 
: glossy photo paper, plus a full vesion of the best selling MGI PhotóStiite П 
: image manipulation software which carries a rerail price of £49.99, 

Again; installing and seuing up the printer could not be easier, with 
software supplied on CD-ROM. The results were again very goad. It has to be 
said that if you use the photo paper and the photo cartridge, then the results 
are astdnishing. We used images from a‘Kodak Photo CD, and used 
PhoroSuite II to output the images го all ihe printers reviewed here. 


pc 


CANON cower 
el 


Car 


s dependent on size of image, and 

f тех. Canon claim anyihing up го 

mono printing. and up to 2ppm 
colour using the BC-21e colour cánridge. 

One other feature that makes the BIC-2000 

rsatile is the abilicy to convert to a 

ge scanner. Thé optional scanner 


antt 
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replaces the ink cartridge and 25 \ | | 
5 rhe user ta scan photos, images and | | \ 
nts Straight onto your РС. p” = ee 


rinter can accept 4 wide range of iee 
уреѕ and sizes - АЗ, B5, А5 legal, a. ——— i 4 


d T-shirt wansters in'addition to 
arency and black print film. 

IF! have one minor gripe; then it has to 
ле lack of any visual indication that the 
pier is on. 


| Features 

о Compact size 

L5ppm mono prining, 
2 pm colour graphics 


з 20 x 360dpi resolution with drop 
—— imoxlulauón technology 


ф Fast drop-in cartridge change 
tional 18:22 scanner caruidge 
К Excellent valué for money 


à ; Features 


Ф: б.5ррт mono printing, 
+ 23ppm colour 


Н + High quality general colour 


Item - printing 720 x 360dpi with drop 

:  moddladon: techndlogy 
EJc-2000 - 
0 merid сап = ри Ф Photo cartridge and paper samples: 
BC21 colour cart WSL £45,299 | Ф Optional 1-22 scanner cartridge 
НС22 photo cart KXGOR £30.99 


: MGI-Photosuhe imaging software 
ЕС29 uotescent cet К(625 | | £34.09 | № ; 

| 15-22 scanner head E 
| 1 У 

x — 
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Canon BJC-4400 


BUBA: Yes 


=m ВІС-6000: 


l Coler and pe, PPéto cartridge 


Print Quality Joke 
Speed. жуй 
Overall value ЖЖ) 
Item Order _ Price 
| cade inc, VAT 
BJC-4400 .P236P — £449.08 
ВС20 пух cart KX35Q 29.99 
BOEL colour cat MXS6L #45.99 
BC22 phato cart KXG0R “430,99 
ВС29 fluorescent сал | KXG28 £34.99 
15-22 scanner head ly28F #79,99 


} a new fourcolour print engine that (caturés 
: Separate ink tinks, which can be configured 
2 as either mono/calour-or colotir/ptioto. All three print cartridges have separate replaceable, 


: optimised for high speed printing - up to 8ppm in mono ~and is 


: excellent, being provided ón'an-A3 size sheet in an.easv- 


: results again were excellent. Là draft mode; test printout 
| was very fast, and results were very good. It is important 


t graphictest, photo etc, and he paper being used. The 


% Ф &ppni mono printing, 5ррт colour 
5 Ф High quality output with pigmented bláck ink for laser. 


Е Ф Tin-cariridge system 

E Ф 4-Separate ink tanks for low-cost, low-waste efficiency. 
= Ф New printer engine | 

- Ф Ficxible print media - to 350gsm, A+ full bleed, banner 


BJC-6000 | 


Print Quality ЖЖ: 
| Speed “ЖЭС. 
— 7 ay | Overall value. X*3ok* | 
: n item . Order Price 
: BJC-6000 » c code inc. МАТ |. 
: The BJC-6000 is intended to be a cast- BJC5000 2375 — £219.05 ; 
: effective businéss printer, primarily aimed at BC30 Маск can Разақ 233.09 
professional printing. Thé printer is based ап BCH colour соп. — PZS7M p 


ink ranks, which helps to reduce running costs, as only thé ink-tanks that are empty needed 


: to be replaced. 


Тһе first immediate difference 15 that this prinier is a lor bigger chan the other wo, and the 
ink tanks are correspondingly larger, so should havea Io: longer life. ‘This Printer has been 
5 possible die to bi-directional 
printing and multi-nozzle print heads. ix colour this drops to a still impressive 5ppm, with a- 


£ possible resolution of 1440 x 720dpi. 


When it cames to handling different print media, then this printer is very versatile, п can | 


: cope with media up ro 550gsm i.e. card, sind size up to АЯ+ , thatis full bleed. 


Optical sensors monitor the individual cartridges for low ink levels and'no ink, so that the 


Е user is prompted, when ink level is low and when the cartridge is empty. When this stagé has: | 


Бсеп reached the printer will automatically stop. printing, | | 
Again installation and set up is very straight forward, all software being supplied on 


: CD-ROM. However, the print heads do need то Бе aligned, and this is performed from within. | 


the printer maintenance window, afier the software has béen installed - a relatively easy таѕк 
that takes a few minutes: rall cases, installation instructions are ; | 


to-follow diagrammatic layout. 
This machine is much faster in mono and colour, 


to remember to select the print mode i.e. draft, text, 


print mode has to match the cartridges installed, and if 
they don’t vou are politely reminded to change the relevarit 
cartridge. The colour/plioto cartridge combination certainly 
produced excellent photo reproduction. 


Features 


^ 


like text - 1440 x 720dpi drop modulation technology - 
6-colour photo quality printíng 


Typical printed Image on | 
photo paper - photo courtesy | 
Eastman Kodak Company. | 
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BJC-7100 


This is оле of Canon’s top-end bubble jet 
printers, and is intended far office and 
professional use. In addition to the panting 
features already mentioned on the other models, 
the BjC-7100 includes the parenied РРОР - plain 
paper Optimised printing, P-POP technology coats 
plain paper just before the inks are applied, the 
inks then bond with the paper to produce watér- 
fast results which Canon claim are of high optical 
density and exceptional clarity. 

This printer employs a7-colour photo cartridge 
system for improved photographic quality, with up 
to 25 levels of colour gradation; There is an image 
optimiser setting for low resolution input and a 
digital camera preset Option fór digital súil images. 

The results on plain papér are certainly very 
acceptable, and print speed was.ceasonahle fast. 
Again, it’s 2 case of ensuring you have the correct 
print set-up, if you want the best the printér can.offer 
for a given print media. Text documents were printed 
Qut very fast especially in draft format - much quicker 
than our normally used Н.Р ТІР laser: In normal text 
mode quality was not quie: ihe same as the laser jet 
but still excellent. The ink tanks are much bigger than 
the wo lower priced printers, so they should last for 
some time - depending on print content, off course. 
The question of how long the cartridges will last is а 
difficult one, for ifyou ргіпгісіз of full-page A4 colour 
images, then cartridge life will obviously Бе 
shortened. If you can't stretch ro a laser printer, then 
this printer is certainhy à very good alternative. 


Features 

Ф P-POP technology for high clarity; water-fast results 

Ф 1200 x G00dpi resolution across all media npes 

Ф Up to 550gsm weight media 

€ High speed, high performance printing in 
mond (@ppm) and photo quality рии) i 

Ф Photo cartridge as standard Sa. үө f | | = 

€ low-maintenance canridge tanks = 

Ф Optional neavork connectivity 

Ф Plug-anc-pláy installation i 
including the Full version af MGI 
PhotoSuite II imaging sofware 


Sco 


Conclusion | 
The price of printers has fallen over к 
the years, vei the finished results A 
and speed of printing have 

cantinued 10 improve. ие a two- 
vear old Canon BjC-4200 at home, 
which has given me no problerris, 
performs very well, but cost me: 

about 2595 more than the updated 
ВІС-4400! 

All the printers were easy to sët tip and. 
ingatl, and all worked first time. Set up 
documentation is excellent, with a manual 
included on the CD-ROM: They are ali 
Windows ‘plug-and-play’ and suttabie for 
Windows ЗА, 95 and:98. The one you: 
select will obviously depend on the E 


Canon BJC-7100. 
Print Quality kikiki. 
„Speed Atik 

Overall value tok tk tok 


k к “Нет Order Price. 
working environment and usage, but all code inc. VAT 
should perfarm extremely well and 570-7100 FZ3BR^ £269.88 
give a long and irouble-free serice, ВСӨО mona сап Р271] £32.99 

BC61 colour cart Р?78К £33.99 


All the printers come with 2 one year 


noc BCG2 prato сап FZBOB £49.83 
Orrsite warranty. 
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сдана Planitia 


еббееесесеесеесеегсеегесесогеегееееесеее 


In this article David Clark looks at some of tbe 
science behind one particular instrument used on the 
Pathfinder mission. 


nthe fourth of July 1997, after a 
seven month joumey, а snill craft 


successfully landed several scientific 


instruments on the surface of the red planet, 


Mars. ‘The purpose of one of those instruments 
was ihe analysis of the composition of same 
of the material on-that surface. 
The mission (see Electronics and Beyond 

'ovember 1998) returned some superb 
images and an enormous amount of data 
от the planet; One of thé aspects of these 
explorations which captures the 
imagination of scientists, the media and 
general public alike is the search for 
indications of present or past lile on the 
planets, But of at feast equil value is the 
knowledge obrained abour the composition 
of the surface, which provides clues about 
the formation of the planet and the solar 
system itself. Plans are underway for 
journeys in the near future which will 
exnlare below the surface of other planets 


and their maons, in particular possible 
oceans below an icy surface laver on 


: Jupiter's moon Europa, which аге thought 


to be perhaps the most likely site of same 
form of life. But hos do these lifeless 
explorers analyse the maternal they come 
across on their out-of-this-world journeys? 
In this article ЇЛЇ be looking at some of the 
science behind the main instrument which 
sampled the Martian soil, che science-fiction 
sounding Alpha-Proton X-ray Spectrometer. 


What is a spectrometer? 


Literally meaning ‘measures the spectrum’, 
ihe specuometer is the device that ob:ains 
егам” data making up the spectrum 
from which (hopefully?) micaningfal 
information can be deduced. Spectroscopy 
is a general term for the analysis af these 
spectra whith are a graphical 
representation of the ranges and intensities 


of thé energy emitied or absorbed by 
matter as a consequence of the behaviour 
of its atoms, and of the particles which 
make up the atom, ie the protons, 
neutrons and elecirons (see sext at the end 
of the arice). The тегт covers a broad 
range of techniques, buta simple example 
is visible light spectroscopy which enables 
information about 2 star to be found from 
analysing the différent colours present in 
the specinum of light emiued by that star. 

The terminology used to describe a 
particular technique generally reflects one 
or more aspects of che ope of energy 
analysed, the particles involved and the 
source Of excitation which generates the 
output being analysed. In the case of the 
Alpha-Proron Xray Spectrometer (APXS) 
this indicates the invelvemen: of alpha 
particles, protons and X-rays. 


How does 


Spectroscopy work? 

Ага practical level, spectroscopy is 
essentially about the measurement of 
energy levels, and then comparing those 
measured values io same known references 
values, determined Бу experiment-or 
theory, which are fixed properties of 
elements, or atoms, or in some forms of 
spectroscopy, molecules. For example, take 
ihe element sodium (sce Figure 1). 

Sodium (atomic number 11, atomic mass 
23) has a nucleus consisting of H protons 
and 23 - 11 = 12 neutrons, and hence 11 
clectrons in its non-ionised form (to Бе 
nondonised there musi the same number 
of negatively charged electrons as there are 
positively charged protons), The electrons 
are distributed in three shells - 2 in the 
inner shell, 8 in the next, and 1 in the 
ower In its sabte stare, а scxlinm atom has 
certain amounts, or levels, of energy 
associated with the interactions of ali these 
particles with each other. These levels are 
associated with properties such as the 
binding between the protons and neutrons, 
the repulsion berween prorons, the 
repulsion between electrons, the attraction 
berween protons and electrons, the 
shielding of the outer electrons by the 
inner electrons, the sizes and distances 
between them all, and so on, IE this balance 
is disturbed by adding energy to the atam, 
say by bombarding it with a high speed 
and/or charged particle, then for example 
one of thé electrons might ‘jump’ to a 
higher shell. This is an unstable state so the 
electron will instantaneously ‘fall back? to 
its original level, and as it does so it will 
emit exactly the same amount of energy i 
took to move the electron (or "excite" it) in 
ще first place, in the form of 
electromagnetic radiation. Because of all 
the properties mentioned above, this 
particular amount of energy is unique to 
the sodium arom, and che same is true for 
all elements. 

Now suppose the panicle which was 
bombarding the element: consisted of 
protons and/or neutrons itself. Tí it had 
sufficient energy this particle might interact 
with the nucleus of the clement it came 
into close proximity with, and if it did so a 
fixed amount of energy would again be 
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emitred depending on the nature of the В 
particles and the intéraction involved. Take 
as an example here the nitrogen atom, 
atomic number 7 (sec Figure 2). 

The atomic number indicates that the: 
nitrogen atom has 7 protons, and in its most 
common isotope has 7 neurons associated 
with these protons in the nucleus. An alpha 
particle has two protons and гхо neutrons. ` 
ind when nitrogen atoms are bombarded E 
with alpha particles there are interactions : 
which involve exchanges of certain amounts 
of energy and the emission of protons. : 
More miraculous perhaps is the-fact ibat : 
when nitrogen does interact with an alpha 
particle a proton and neutron irom the * 
alpha particle become incorporated inta the 
nitrogen nucleus which then is no longer a 
nitmagen atom nucleus but an oxygen мот 
nucleus since as we have seen the number — : 
of protons defines what an element is. 


ТТТ 


nitrogen nucleus + alpha particle => 


oxygen nucleus + proton + energy 


So by knowing the different energy levels 
involved for these different types of interactions, 
the elements present in an unknown 
sample can be determined by examining the 
energy emittat when the sampie is 
subjected to energy irom an external 
source, а скНозейхе element perhaps. 


AE О 


созооовосо това оо с вово осо во о оз зоо ооо ото нос оо ово ооо воз евовавассо 


An atom can һе cansidered to consis: of a small core, called rhe 
nucleus, surrounded by electrons which orbit in ‘shells’ around 
the nucleus in much she same way as planets orbit the sun, The 
nucleus is extremely dense and comprises around 99.9 % of the 
mass of an atom, but ошу about one over ten to the power 
fourteen (one hundred million miülionths) of he volume. There 
are only a few positions where the electron orbits can exist; diese 
positians are at fixed ‘heights’ above the nucleus, and there.is a 
maximum number of electrons for each orbit which each orbit 
сап hald if the atom is to be stable. The *height’ of ai electron 
above the nucleus is a measure of the amount of energy 
"possessed" by the electron, and ifénough energy is donated 
to the electron it will jump" to a-higher energy level ar 
arhit. This however will not be a stable situation and the 
electron will instantaneously drop back to its original 
level, at the same time emining the same amaunt of 
energy it absorbed to reach.the higher energy tevel 
The nucleus can be considered tó Ве composed of - 
prorons and neutrons @ protun is 1836 times, and а 
neutron 1840 times, аз massive às an electron). А 
proton has à single positive charge, whereas a neutron 
has йо charge. The number of protons in an arom of 
an elenient is given.by the elemenr's'atomic number, 
for example argon, atomic number 18, has’ 18 рхо. 
An electron has а пес negative charge and So there 
а are 2s many clectrons in an ünchafged atom as there 
are protons «й is Ше nuriber of protons thar defines 
what af element is, bütthe number of neutrons 
in the nucleus of an element can vary 
depending on-the sibility of the particular 
écinfiguration. The worl oumber of protons 
plus neutrons is the mass number of ari 
element; atoms of an element wih: 
different numbers af neuirroris in tlie 
nucleus:are called isotopes of the element. 
Argon Bas three siable iSotopes (unstable 
isotüpes undergo radioactive decay umil 
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Electrons orbiting in shells 
"around the nucleus.. 

The number of efectrans іп 

ihe first 4 shells which give 

ihe most stable forms are 

2, 8, B and 18 (moving outward, 4th-not shown) 


Nucleus consisling of 11 protons 
and 12 neutrons 


Electrons in ‘full’, 
hence stable, shells 


Single electron In outermost shell. This electron can easily be lost, 
giving rise to positively charged sodium ‘ian’, since there is now 
one mare positively charged proton than Ihere are negatively 
charger electrons 


Figure 1. The sodium atom. 


¿a stable configuration is achieved) with eighreen, twenty and 

> twenty wwo neutrons respectively; the іһгее isotopes therefore 
have corresponding mass numbers of thirty six, thirty eight and 
опу. The different stable isotopes of an element occur пашту 
in varying proportions, and this is reflected in the mamic: weight 
of an еіеѓпеги which is effecivelv-a weighted average af the 
atomic triasses of the isotopes and hence notan integer. 99.6 % of 
argon is in the form-of the isotope with mass number forty, and 
this is reflected in argan's atomic eight of 39.948. 


Nucleus” consisting of 
protons. ‘and пешгол: 


Plotting a graph of these enerey levels 
emitted provides a more-easily 
understandable visualisation of the 
spectrum of energy ouiput, and by 
comparing this spectrum with reference 
values information can be deduced about 
the sample material 

This then is the basic principle behind 
spectroscopy; 50 now we'll look ai alpha 
particles, protons and X-rays before moving 
on 10 the principle of the Alpha-Proton X-ray 
Spectrameter (АРХ5) itself. 


Alpha particles, Protons | 
and X-rays m 
Alpha particles, protons and. Xays sound 
mysterious but in Ba we already know what 
ihey are by knowing what an atom is, 
because they аге the terms used to describe 
particular aspects of atoms and radiation. As 
we have «ееп, an alpha particle is simply a 
particle consisting of rwo protons and two 
neutrons, and can in fact be thought of in 
even simpler terms, since this is just a : 
helium atom (atomic number 2) which has — : 
lost all (both!) af its elecirans i.e. itis a : 
helium nucleus. The reason it is of such : 
importance is thar it is 2 very stable- : 
configuration, and is one of the particles 
that is emitted when one type of mdioactive 
decay occurs. When this туре of decay 
occurs then the remaining clement has nwa 
less protons and two less neutrons Le, it 
irinsmuies into someching else. Hence Юг 
ехатріс uranium (atomic number 92) 
decays ғо thorium (90), which itself decays 
то radium (S3), which then decays to radon 
(86), which iii turn decays to polonium (84) 
which finally decays to lead (82) which is | | Figure 3, The 
stable, Е: : | hydrogen atom. 


: | Figure 2. The 
: nitrogen atom. 


ТИВ 


огап => thodum + alpha particle. 
thorium £2 radium + alpha particle 
radium => radon + alpha particle 
radon => polonium + alpha particle 
polonium z»lead + alpha parácle 


Similarly, a proton is a simply a Нүйгочеп 
atom (nomic number 1) with iis solitary 
eleciron removed, je it is a hydrogen 
nucleus, ani so along with the neutron is 
one of rhe elementary particles which 
compose all elements. (See Figure 3.) 

Unlike alpha particles and protons which 
are of course particles, X-rays are а form of 
elecuramágnetic radiation. Electromagnetic 
radiation Is defined as a disturbance in the 
electric and magnetic fields around the body 
that produces it, and is venerated when an 
electron accelerates, i.e. speeds up or slows 
down. So wheri ап electron jumps Iram ane 
shell to another in an atom, and then fills 
back. y is accelerating and so generates 
eiecwromagnetic radiation (see Figure 4). 

The speed at which it moves from shell to 
shell is dependent on the energy levels 
involved, and the speed at which it moves 
defines the frequency of that radiation, ie 
the frequency is а measure of the energy. 


Nucleus consisting of 7 protons and 7 neutrons in the 
most common form. A second Isotope of nitrogen has an 
exlra neutran. 


Nucleus consisting solely of 1proton - if the atom is stripped 
of its anly electron a free elemental proton particle remains. 


44 


Flecromagnetic radiation occurs at 
frequencies ranging from tens of hertz to 
beyond ten raised to the power 25 

(1 followed by nventy five zeros) Hertz, and 
this spread ік divided into variously named 


If an etectron absorbs enough energy іо ‘jump’ from one shell, 
or energy level to another, it will Ча! back’ to its original level, 
emitting energy а! a frequency which is a measure of that energy. 


Figure 4. Emission of electromagnetic radiation due to elactron transistions. 


Мау 1999 ELECTRONICS AND BEYOND (7b 


ranges such as гі waves, visible light and 
gamma rays. X-rays are simply part of this 
spectrum of frequencies and as such cover 
the frequency spectrum of approximarely 
ten to the power sixteen to ten to the 
power twenty Herz (see Figure 5). 


Alpha-Proton X-ray 
Spectrophotometry 
(APXS) i 


APNS, as the name implies, analyses 
material by subjecting it to alpha particles 
from a radioactive source. Uniler this 
bombardment ight elements lightness’ | 
referring za atomic number, and in this case 
meaning those up to about silicon, atomic 
number 14) emit pratons, or positively 
charged hydrogen atoms. These include 
carbon, nitrogen and oxygen which are the 
elements making up organic compounds, 
the indicatars of possibly living material. 

‘Heavier’ elements, in this case heavier 
than sodium, atomic number 11, еті X- 
rays as a result of ionisation caused by the 
bombardment. Rocks. soils and minerals 
are composed of these element and their 
composition gives an indication of the 
processes involved in their formation e.g. 
perhaps volcanic. 

Each ‘event’, or interaction, causes the 
emission of a ‘pulse’ of a particular level of 
energy. So by using detectors which 
measure the number and energy levels of 
these pulses а graph can be plotted which 
shows peaks at energy levels 
corresponding to particular elements, and 
the heights of these peaks indicare the 
relative abundance of the elements and 
hence the elemenial composition of the 
material under analysis. (see Figure 6.) 


Number of Pulses 


Figure 6. A hypothetical spectrum. 


Magnesium 


Frequency 
in Hertz 


10% 


Gamma rays 


--------- X-rays 
Ultraviolet light 
Visible light 
Infra-red light 


Radar 
Microwaves 


Television 
Radio 


Figure 5. The Exira low frequency (ELF) 


electromagnatic 
radiation spectrum. 


Newton’s Rainbow ? this spread of radiation a ‘spectrum chat. he 
5 h : Was naming nor only a range of colours but 

The techniques which come under the also a range of techniques which would 

жасайын Es A hcl |. ЧЕ SM Е enable us t0 deduce the composition of 

чр к 6 p e and ro take science on a journey not only 

isaac Newton in the seventeenth century is. f into the atom but also to Mars and beyond. 

the person credited with first recognising Р 

the significance of whar he saw when he E 

passed атау of sunlight through a prism : Acknowledgements: 

and showed that it was composed of many : Encyclopaedia Botanica CD-ROM 

colours. Lime did he know when he called 2 Electronics and Beyond November 1998 DHE 


Potassium 
Manganese 


Aluminium 


Energy Level 


Energy ievels along the x-axis correspond to known characteristics 
X-ray energies generaled due to ionisation - thus each peak can be 
identified as being due to a particular element. The number of pulses 
plotted along the y-axis corresponds to the abundance of the element in 
the sample. 
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ware 


T TS & TIPS. 


Ifyou started on PCs before Windows 
95 you might not be using your system 
to the full. Mike Bedford shows you 
how to make the most of the desktop. 


Neighborhood 


fo 


The Вет 


he nature of software is 
Т... that it’s difficult to 

write a column like chis 
confident that the information 
presented will be new to 
virtually all readers. Without a 
doubt many of you make fall 
use of the Windows 95 ar 98 
desktop. But since there are 
lois of ways af doing things, 
other people — mainly those 
who have graduated from an 
earlier version of Windows — 
may not be aware of how 
powerful this facility is. Using 
Ше desktop won't allow vou to 
do things that can't be done in 
other ways bur it could make 
you more productive, Orhers 
may simply decide that it’s a 
more intuitive inrerface, 


ecycle'Bin 


Try it Out 

The Windows 95 or 98 desktop 
is the background which you'll 
see if you're not displaying full 
screen windows. By default it's 
turquoise but, as we saw in an 
earlier column, you can change 
its colour or define я pattern. 
But it's far more than just a 
fancy looking screen background, 
"The casiest way to get a feel for 
the desktop is 10 try some 
things out. So 10 start оц, open 
tke Windows Explorer, make 
sure it doesn't occupy the full 
screen, select а dara file (c.g. à 
word processor or graphics 
file). hoki down the Cut key 
axi drag shat file off the 


Windows Explorer window 
onto the desktop. You'll find 
thar you end up with an icon 
for that Ме on the desktop but 
the original file will also be in 
its original folder. And just as 
with normal operations in 


Windows Explorer, if you hacin’e 


held down the Cui key thén 
you'd have moved the flero 
the desktop rather ihan just 
putting a сору of ii there. In 
the following screen shat I've 
dragged а copy of the file wd Lecr 
onto the.deskrop and тол! 
notice that it appears alongside 
the various icons which were 
already on the desktop. 

‘AS vou might expect: so long 
as the file has an application 
associated with it, then double 
clicking on the icon will open 
that Йіс in the appropriate 
application, In the case af my 
Ше, double clicking on thé 
icon opens ї in Corel Draw! 
Ty it on your file. The desktop 
is. therefore, a useful place to 
put files which yow're- going to 
access frequently —it’s much 
easier to open a Ше here than 
to find ie in the hierarchical Ше 
system. Clearty, though, i: 
doesn't make sense io keep 
ioo many files here at any one 
time — needles and havsracks 
come to mind. 

Vm sure that а number of 
readers will already be irying to 


Ёл Explornno Desktop 


2 -= Рамы [С] 
pe O5dtes cdif [D:] 


Tox 


"CAWINDO 


t figure ош exacily where files 


on the desktop are stored. 
Certainly these must actually 
be stored on the hard disk 


: somewhere but | suggest that 
: you view the desktop in 


conceptual terms only. Viewed 
this way, rhe desktop is nota 
part of she hard disk, in fact it's 


: not even part of the local 


computer, it’s at a higher level 
than rhis as the following 
Windows Esplorer screen 


: porion will prove. 


Desktop Folders 


: Waving just suggested that you 


don’t keep many files on the 
desktop, if you really want to, 
you сап organise the desktop 
as hierarchical folders just like 
the hard disk although, 
personally, I think this defeats 
ше object. However, do try it 
out and if you find it useful 
еп use it. Find:a blank ares of 
the desktop and click right. 
From the menu which is 
displayed sefecr New > Folder. 


i А folder with the default name 


New Folder is стеде on the 
desktop und you can change 
ihis to а More meaningful 
name just.as you would in 
Windows Explorer. In fact, if 
you really want ғо find ош 
where Windows stores desktop 
documents, double click on 
the folder icon to open the: 
folder and you'll find that it's 
acnually stored in 
CAWINDOWS\DESKTOP, 
(although this folder is hidden 
by default in the Windows 
Explorer). Furthermore you 


? сап right click in this window 


to create folders within that 


: folderad infnirum. 


- A Clipboard 


The desktop can also be used 
as a sort of clipboard. Let's see 
hav this works. First of all, 
copy а small-graphics file (ia а 
format supported by your word 
processor) го rhe deskrap 
using the Windows Explorer. 
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і Now open up your ward 

i processor and type some text 
into a пех document Now, 
ensure that. the word processor 
: isn’t maximised so that the 

t desktop is visible and drag the 


t graphics file from rhe desktop 


into your wont processor 


* document. The graphics will 
> appear in the document at the 


position vou release the mouse 
button. You can also do this in 
reverse. Try highlighting an 


і area of text in your word 


prócessor document and 


i dragging it onto the desktop..A 
: new ‘scrap’ file will be created 
> on фе desktop containing the 


selected text. Clearly this can 
now be dragged into another 
document. This also works 
with spreadsheets, graphics 
sofiware, in fact just about any 
application. 


Shortcuts 


The other type of abject you 
сап place an the desktop are 
shortcuts to programs or files, 
In fact, you probably aircady 
have some shon-cuts Оп your 
desktop since this is the way 
some applications are installed. 
А Sliorr-cut is an icon which 
allows vou ro start an 
аррёсаноп or open a Ме more 
easily than finding it in the Start 
menu or tram the disk. A short- 


: cutis пага сору ofa file or 
: application though —we've 
: already эсеп how ta create 
: these on the desktop — it's 


purely а way of accessing a file 
which is stared elsewhere. As 


: with data files, though, it only 


makes sense to put a few short- 
cuts on your desktop. If vou 
have too many, it will prove 


1 harder to find them on the 


desktop than by orher methods, 

Tb create a shortcut, find the 
file using the Windows Explorer, 
select it anc copy. Now move 
the mouse pointer over the 
desktop, right click and select 
Paste Shortcut from the menu 
which is displayed. 

And finally anything on the 
desktop — i.e. 3 file or a short- 
cut - can be deleted (ос moved 
to the waste basket) by 
selecting it and pressing Shift 
Delete (or just Delete to put it 
in the wastebasket). 
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LE RUNNIN Kits — 


ІНІҢ 


евзеесееееееееегееееегеегеееегесееееевео 


This month John Mosely constructs two kits from the 
a ‘Minikits’ series. 


provide some ‘tight relief" to 
the more experienced 

5 constructor, or can be adapted 
for more novel applications. All 


he Velleman Mini-kits are 
Те just ап excellen 

introduction to electronics 
for the beginner, but aiso 


PROJECT £ 
RATING 


1N4148 


ПИТ 


еле 


are inexpensive - costing less 
ihan а fiver, and include all the 
main component 
battery and enclosure. ! have 
put together several of them 
now - cach one can be 
constraciedt in less than an 
hour - and all work very well. 


5, except the 


Each kit is packed in a small 


i clear plastic ‘box’ that are 

i stapted to a thick folded card. It 
: is.worth remembering that che 

i card has the instructions anc 

: circuit diaerim printed on it , 50 


Ве very careful when removing 
the packaging. Being someone 


: who's eyesight is not мах is 


use 10 be, һе circuit diagram Is 
rather small, making reading 


: values a little difficult. However, 
: overcoming this problemi is 


relatively easy and following ihe 


i construction diagram soon 
? produces a working module. 


Construction 


Construction is very straight 


: forward, and in general siars with 


ihe small cómponents - resistors. 


2 diodes, capacitors, irinsistors, 
і elecirolyrics, IEDs, DILIC sockers, 
> switches etc. Insertion of the ICs, 


if any, is left v0 Tast. Most af the 


: kits require a 9V PP3 battery (пог 
: supplied) power supply, and a 
: suitable battery holder is 


included that conveniently 
screws to the PCB. To date, I 


: have required no test equipment 


to set up the finished kits. 


LED ‘RUNNING LIGHT PARTS'LIST | 


RESISTORS 


Ri - 12 3k3 Min Res 


RVL : 2M2 Horiz Preset 
'CAPACHORS 
ci 


40nF 
ApF PC Несі 
SEMICONDUCTORS 


Di 1N4148. : 


| ORDER CODE PRICE INC, VAT 
| VXO6E 


ІСІ ' 555. mer 


ІС2 "CD4015 риз! 4-bit Shit Reg 


LD1-8 Red LED Low Curent 


MISCELLANEGUS 
Swi, 2 Single Pole Push Sv 
Bati 9V PP3 
Battery. Holder 
16 pin DIL Socket 
В-ріп DIL Socket 
PCB 


£4.99 


52 4 


R12 ЭКЗ 


Ф, 
Ргов?ОМ 
" [= 


DA 
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!С2 
CD4015 
Dual 4-Bit Shit Register 


40 15 23 
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LED Running Light 


The circuit is very straightforward 
and uses а 555 шпег thm clocks 
a 4015 dual 4 bir shift register. 
D1 provides protection from 
inadvertent reverse connection 
to 3 battery supply, Ray Marston 
in his excellent article LED 
Chaser & Sequencer Circuits 
(December 1998 issue 132) ` 


explains the aperation of similar 


types of circuits. RV1 is used to 
adjust the speed of the lighting 
effect. SW1 and SW2 are small! 
pash-to-make switches that 
turn-nff/reset the circuit (SW1) 
and turn-on and programme 
the effects. The first push 
causes one LED to light and 
progress from lefi to right, and 
continually pressing increases 
the number an to wo, then 
three eic. again moving from 
lef to right. А point is reached 
when all LEDs will be on. 
Although on the supplied PCB 
all the LEDs are in a straight 
line, there is no reason why ihe 
LEDs cannot be placed 
remotely (то л small box), and 
arranged! in any desired shape. 

It is important to observe 
correct polarity. of the diode, 
eleciralyties and LEDs, ard the 
board legend clearly indicates 
correct polarity As always, 
please check your handiwork 
for shons, dry joints eic. A few 
minutes carefully checking the 
Болл can save a loi of time and 
heanache. 

The final result produces 
pleasing results. The LEDs are 
bright and the unit consumes 


very lite power. 1 had the display 


an for several hours and the 
battery was still going strong. 


01 1N4007 
һы 


"PROJECT G 


RATING 


SPECIFICATION | 


Output waveform: 
Frequency: 
Output level: 
Power supply: 9у 


sine, square, triangle, integrator 
ЛКН? fixed 
0 to 200mV rms 


[SIMPLE SIGNAL GENERATOR. PARTS LIST, 


RESISTORS 

1k Min Res 
“10k Min Res 
"15k Min Res 
АКТ Min Res 
100k Min Res 
1M Min Res 
47k Preset 

CAPACITORS 
C12 10лЕ 
C3, 4.5,6 471 
C7 100nF 
CB, 9 1uF PC Elect 


74 


ІСІ 
555 


6 Timer С? 100nF 


SEMICONDUCTORS 

Di іМ4007 
TRi, 2 BCS54TB 
ІСІ 555 Timer 


‘MISCELLANEOUS 


Bait SV PP3 Battery 
Battery Holger 
8-pin DIL Socket 


> | ORDER CODE PRICE INC. УАТ” 


VX84C £4.99! 


Signal Generator 


i This is а very simple circuit that 


again uses а 555 dmer set ac IKHZ, 
which produces a square wave 
output. Ir can then be shaped 
to produce either a “square,” 
integrator,’ triangle" or "sine 
wave output. А small juniper is 
used io select ihe desired 
output waveform. RVE provides 
a variahle ошро level to inject 
in to a circuit. This output could 
be attached тол suitable probe 
if so desired, with an earthing 
conneciion via a length of wire 
and a crocodile clip. 

Again construction is very 


: straighiforward, amid took less 


than an hour. This project can 
easily be mounted in to а small 
plastic box with a probe attached. 
The little jumper that is used to 
select the output waveform 
coukl be replaced by а small 
rotary switch оғ slide switch. This 
would depend on your choice if 
you wanted all the available 
output waveforms. Similarly, the 


: positive battery lead could be 


routed vis а small push-ta-make 
switch, or a smali single-pole, 


: single throw type switch. The 


battery shoutd last tor many 
months before it needs replacing. 
I checked the waveforms on 


: an ascilloscope, especially the 


sine wave, far distortion, purity 


: ete.. and found the waveforms to 
D be exceptionally good at ІКН2 as 
: chimed. The variable ourput level 


produced a maximum output of 


400m¥ pk-pk. 


This is an excelleni lide kit, 
that not only is casy to make, but is 
a very practical one roo. 


41..J4 select output waveform 
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Diary Dates 


Evry possible effort has been mada 

to ensure that information presented 
here 15 conect prier to publication. 

Te avoid disappointment due to late 
changes or amemimemts, plezse Contact 
event organisations to confirm details. 


April 1999 

1 Apt. inteme: Semis, Ste, Legotand 
Vända, Tel: (01285) B84:422. 

3 to 18 Api Edinburgh Inemations! Science 
Festal, Edinburgh, тез (0$31) 220 5220, 
13 to 15 April NEPCON Бесіпжӛсе, NEC, 
Binnincham. Tek: (0181) 930 7910, 


20 to 21 April Intrenet EXPO 1926, Егіз 
Casi London. Tet (2183) 742 2898. 


May 1999 


6 May. Intemet Sentines Stas Birmingham. | 


Tet: (01285) 884422. 

17 to 19 May Catie А Saaie 

Wadeedst 1999, Earls Court, London. 

Tek (0181) 910 7931. 

2510 27 Мау егете Word LK Some 1999, 
Eats Солі London, E: 0171 975 0:05. 
25 to 28 May егіз intemasen Conference 
on Metaing ad Tenis for Егеу біле?) 
Witerrssienal, IEE, Conference Cents, 
Erringham. Tet: (0371) 240. 8. 

26 ta 27 May Етік зі Systems, 
Oma, Londen. EE (0171) 883 1000. 


June 1999 


7 to 11.June. 260 Intemasonal Terefe 


Congress, KE, Edinburgh Intemational 
Conirence Cere. Tet: (0171) 240 1871. 
8 Ame. intemet Samina, Star, ЕТ" 

Fak (012856884522. 

8 to $0 June. Er ronmerrs ect roe, Sew, 
NEC, Grant & (0181) 9:0 7732. 

21 to 23 June. Peoc in Control an, 
батько! Conference un Humes 
ir&erfaces in Contro Rooms, Codis end. 
Commen Centres, IEE, Uriversiy of Bath. 
ТЫ: (0171) 240 1871. 

121015 Jure. боліп уёгу Oriente 
an mass Proaessnd end iis Apphosbons, 
Narchester Tet: {01711 246 1872. 

28 June to 1 July. Мел Telecom, 
Қалу Әле Centre, Вера. 

EE 0183 742 2828. 

30 Ame to 4 July. ВВС icem ws Vier Lie, 
Fars Court, Lonin, BE (01711) 202 2555. 


July 1999 


6 duly. ferret Senna, Sc, Od Tafi, 
Manchester. Tet (01225) 884422, 
26 to 28 July inii Intemational Canference 


en Азған? AD and ГУА Cones Bares, 


ard thar Apofcetons, University of 
Бетине, Casag. 73; (0173) 240 1871. 


August 1999 


10 Aug. Intemet Seminar, Star, Бнр. 


Te: (01285) SRÁ222. 
23 to 27 Aug, Веле kitemational 


Symoneism on Hes Vote 
london. Tei: (0171) 240 1571. 


September 1999 


1to 3 September Мтил Intematicozl 
Conference en Electrical Machines and 
Dres, Canterbury Chris; Church Coles. 
18:40171) 240 1811. 

7 to 10 September Ninth tana 
Conference со Алла Neural Networks, 
ЕЕ Cor£srence on Artificial Neural 
Netivacks, Urz.exsity of Edina, 

Tek (01711 240. 1971. 


Please send delails of events for 
inclusion in ‘Diary Dales to: News Editor, 
Electronics and Beyond, В.О. Вох 777, 
Rayteigh, Essex 556 SLU or е-птай to 
swaddington@cix.compulink.co.vk. 


What's On? 


еееесесееесееееееееееееееесеееееегегеее 


Going Solar Together 


What do Newcasde United's faoilalt stadium, the 
Earth Centre near Doncaster, and the Equinox 
office building in Wesi London have in common? 

Answer. They are all buildings planning to use 
solar energy installations to provide them with clean 
electricity They are-also typical of projects on which 
energy minister John Ваще asked for Government р 
and industry to work together speaking at the E 
DILEngineering and Physical Sciences Research 
Council (EPSRC) Photovoltaics Conference in 
Manchester at the beginning of Februar: 

Speaking at the conference, Batile said, "Solar 
energy has real potential, and 1 want Government 
and industry 10 join forces to develop its long- 
term future. This is why 1 am asking for the : 
indusuy’s involvement in paking forward three 
major new initiatives in the field of phoievaliaics. 

“The first project is a field trial for around 100 
homes across the country; to test a variety of 
actual phoivoltaies installations under real 
conditions. This would heip us explore options 
and pave the wiy for a possible larger programme 
in the future, The project will look at the size of 
systems, types of building, and different 
technologies: А design manual for house builders 


is one of the aims of the project. 
"The second initiative is a call 
for proposals for the 
development of photovoltaic 
components and systems, with 
the aim of enhancing the 
competitiveness of UK 
companies. Projects could expect 
to-recéive between 25% and 5055 
of the total cost from a budget of 
х1 million. Preference would he 
given to projects involving, 
collaboration beween 


campanics. and so rake advantage 
of the widest sources of experisc. 


“Potential projects could 
include applications with export 
potential, especially for 
developing.counuies, These 
could include water treatment, 
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communiciions, refriseriion, 
healthcare and solar hame systems. 
Applications could also include 
building integrated producis anil 
services - for example, multi- 
functional rooting and cladding 
products, or tools which help in the 
design. implementation ar 
operation of photovultaics systems; 
balance of systems components. 
such as energy storage systems, 
їн and connections systems; 
and manufacturing processes.” 

Battle continued. “The third 
scheme would develop showcases 
ior UK rechnolugy and design by 
demonsuating the use af 
photovoltaics in Erge-scale building 
apntications, amd 10 establish best 
practice for the future. | wouki like 
to see proposals from as wide 2 cangé as possible - 
commercial offices. lame retail cutlets, hospitals, 
Icisure centres, or large housing estares. I hope we 
can fund five or six installitions я усас, including 2 
proportion of the capital costs as well as the 
design, monitoring and evaluation of cach project. 

“This industry has came a long way already. and 
я has а great future ahead of it Гази cdeierminect 
ro support the industry so that it can take its place 
in this Government's drive for more energy from 
renewable resources.” 

The three proposed initiatives are currently at 
planning stage, and comments from the 
photowliaic industry are being sought on the 
і derail of the schemes. Application procedures for 
: ще initiatives will be announced at a later date. 
For further details. check: «www. epsre.ac.uk>. 
Contact: DTI, Te}: 01793 444000. 


зоо а оо вов оовоаовоовиосво 


£10 Million For Business/ 
Science Partnerships 


Lort Sainsbury, the UK government minister for 
science, has announced £10 million of new 
funding available through the second round of 
Foresight LINK Awards, 


SE rhe AOL e EEN ECO PH EHE LEER UE О 


Ek trr б- ОСТ Execs Pipe 
Set bere БП Hra Fage 


ODE 


The Faresight LINK Awards 


Werome to the Foresight LINK Avwardi home page. | 
Use tiie page ta fid д еле ЗА тоя Ere їл күру (тт LISE Азгиїй+ zd shes he Farzsitks Prz gra їз awhile. | 
v Girerse |2: Agirre 


> Aprbeudes Femme tick с 42572345 се vew te mec nog rae fr уг: {ите Be Eoi уе lyen ke fd x 
Зору Әк aed ор: ЗЕД yas teo Maori werd} 


EDS. fer virza referea азіу, ghate 35 oct pee? 55 rent аз үгүт ez eto) i 
* 


ded ИЕ 


The funding will go towards projects ihar 
explore new market aad technology 
opporiunities in areas identified by Foresight 
as important to ihe future comperidveness | 
and quality of life of the UK. | 

The principal thrust of applications for } 

Awards must be innovative, high quality; рге- 
competitive research in areas of commercial Ш м AN J і 
potential, All such applications which І 


nina ET жез i e а евәсбсбесееееееоевеое! 
address Foresight priority areas not covered | | 
by currently open HNK programmes - An Я Ре 75 office from Ррепот 
which the Awards are intended to | 
complement - will be welcomed and given ow here is а palmtop computer that is of great value, Right now for only £299 from 
full consideration. N Maplin т багов, vou can ger equipped with me ‘office an the road"; This little 
Small anc medium-sized businesses are devil will give vau all the normal Windows CE packages including Word, Excel and 
particularly encoursged to play an active Powerpoint, When your work is done, the urgent letters and reports сап be E-mailed via à 
part in applications, as are businesses in вешу phàne linc'using the PCMCIA 33. 6K madem chat comes with the package. The 
sectors that. do nor have an established track alternative is to keep the information and when back at base you Сап download all those 
record of working with the science base. valuable reports, letters and spreadsheets oh 10 your desktop PC-via a cable docking station 


Further information on the Awarts js available 
on the, Foresight LINK Awards Web site. 
For further details, check: 
«wt. dti.gov.uk/ost/] ink/award. htm>. 
Contact: DTI, Tet: (01793) £49000. 


and fink software. The-inbuilr web brow ier 3150 gives vou the potential to surf the Internet. 
The-smono screen with optional backlight i is touch sensitive and aperates very easily 
using the provided styius. This сай speed up operations along with auto document recall 
when first opening up: 
It has even gor the facility to present your Power Point slide preseniaiions via ап external 
“е.еи%веееегеоотвавевочоееяга colour monitor; Estimated battery lifetime is 11 hours on 3 single charge, 


Jobs to Kick Off Apple 
Developer Conference 


Steve Jobs, Apple's interim CEO, will deliver 
the kick off keynote on the first day « 
Apple's 1999 Worldwide Developer | 
Conference (WWDC), го Бе held оп Мау 10 
to 14 at the San Jose Convention Centre in 
San Jose, California, US. 

Jobs will be joined by Avie Tevanian, 
Apple's Senior Vice Presicent-af Safrware 
Engineering, and together they will give 
developers‘an overview of Apple's software 
madmap, including the first in-depth look at 
Mac OS X, Apple's next generation 
operating system, 

The WWDC will include technical tracks 
| оп Мас OS, Mac OS X, Carbon, the Interner, 
| Java, QuickTime, AppleScripr. Colorsync, 
WehOhjects. Universal Serial Bus (GSB). 
FireWire and AlriVec. 

For the first time, Ше conference will 
feature special sessions for Adohe 
Photoshop and QuarkXPress plug-in 
developers, there will atso be business 
presentations outlining Apple's ная 
рнк and sales strategies, 


AI 95/08 compatible * Té TPCNCIA, Slot 
‘Mb КАМ - Rechargeable: Tirhiüni 
qu processor: "OF AÁ batieries: 
$5 ‘640 x 240 Display %33:6К PCMCIA Modéni 
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'Photo1.:The famous 
Hubble space telescope 
‘photograph of:stars 
‘forming іп the Eagle 
Nebula-some 7000 Jigit 
years ‘away (Courtesy 
INASA STSCI). 
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Douglas Clarkson delves into tbe universe, particle 
physics, and life! 


fi: ELECTRONICS AND BEYOND Мау 1999 


year 1999, very much aware chat at the 

height of rhe Cold War, there was reason 
io doubt if we would survive collectively аг 
ali. Indeed it is perhaps a worth while 
reflection that some aspects of the 
Millennium Bug originate from the element 
of doubr regarding the survival of civilisation 
10 the year 2000 - as if the resolution of such 
problems should nor be taken too seriously: 

Science in the twentieth century, while 

creating weapons of mass destruction, has 
been highlv successful in railing back the 
boundaries of knowledge to the ends of the 
known physical universe and або ro the very 
fabric of matter itself. It is a paradox indeed 
that both approaches are looking to provide 
a beer understanding of the way everything 
fits together is: the physical word. In ters 
ofa theory of everything, systems at rhe 
exiremies of scale have то be reconciled. 
The process dynamics that triggered rhe 
whole of the physical universe into existence 
and detenmnine its uitimate fte is being 
investigated by the largest computers on the 
planet, and the mast powerful particle 


tis certainly very pleasant to write in the 
1 


t accelera;ors working and soon to be working. 


тсс 


Slope of straight line 

- gives an age for the 
universe о? about 
20 billion years 


Corana Borealis : 


Speed of recession as a fraction of speed of light 


10" 2x10 


Sharing the Mysteries 
of Science 


Questions of the-origin of the Universe have 
entered the mainstream of everyday 
thinking - 25 was made evident by the 
popularity of Srevea Hawkins's book "А Brief 
Histary of Time' which berween its first 
edition in 1988 and my copy of 1992 has 
been reprinted no less than 27 times. 
Indeed the publication of this tide was to 
sce the emergence of a whole new sirara of 
*Popular Science’ publishing which would 
deal with an expanding range af topics 
inclucing Cosmotogy, Genetics and Chaos 
Theon: Опе of the successes of Steven 
Hawkins books was the ability of the author 
to formulate questions within the text which 
aroused the curiosity of the reader. Now all 
of the questions, however, thus raised could 
be answered. This did во: detract from the 
success a£ the book. In fact this musi be | 
seen as ane of the essentials tor progressive: 
science that it must canstantly be asking 
irseif questions. There is also something 
importan about scientists communicating 
their understanding to the public since it is 
the public, through the mechanism of 
taxation which funds major programmes of 
particle physics rescarch. 

One of the problems with modem society 
is that science is perceived as principally one 
of providing answers - answers t0 everything 
- giving the impression that eventually there 
will he по questions to answer. In so doing, 
the mystery of the unknown is consequenily 
diminished. One of the perplexing 
developmenis in society bas been the loss of 
the sense ої mystery of everything. Science 
may have given us lots of answers but it is 
not the role of science to give the 
impression that there renmin no mysteries. 


Some Big Questions 


The mind of the scientist has, however, 
expanded in various fields іп есізгіоп ro 
looking at the bigger issues, rather than 
becaming completely bogged down with 
everyday laboratory physics - interesting us 
such studies may well Бе. А5 increasing 


H 


Figure 1. Observed 

Doppler shift with 

. distance - Indicating a 
4x10" value of Hubble's 
: constant of 15 km/sec 
per 1000 Iight years. 


3x10" 


confidence is placed in the Big Bang theory 
which considers that the Universe expanded 
from an incredibly hat nucleus, so there is 
now speculation about when the clock 
struck zero’ or even ‘before the clock struck 
zero’. Also, since everything thar happens to 
us in our daily life hopefully can be assigned 
а reason, scientists are beginning also io ask 
- Why did the Big Bang take place?’ А more 
correct description, however, of the theary 
of the апып of Creation is the "Staridard 
Model’, This is perhaps not a very exciting 
expression. Even when we go shopping. we 
tto avoid having го buy а ‘standard mode! 
of anything. 

Also, as scientists discover the basic Inws 
ef matter, the basic building blocks of 
particles and ways of association аге 
dictermined, questions are 2150 being asked 


Photo 2 Hubble ‘image ‘of. the outer;jreaches’of the: 
bewildering variety of shapes; sizes and colours of; 


about the precise set of rules chat ensure- 
the stability of the physical universe. 15 there 
some basic process of selection àt різу in 
the way, for example, that atoms when 
created allow organic molecules to exist? 
What are che rules that cause protons, 
neutrons and clecirons to exist a5 thev do? 
So we see that science is making discoveries 
and also asking "Why is it like this? 

This aspect of the rules of the game is 
described in terms of either the weak 
anthropic’ principle оғ the ‘strong затор 
principle. A more fundamental aspéct of 
such analysis relates го ihe very process of 
expansion of the Universe which has been 
determined to be very sensiiive to minute 
variations of interactions of energy and 
matter and which with the wrong! values 
could have resulted in a ‘camp squib! rather 
than: the grand "roller coaster’ of an event 
that желге led to believe took place ‘when 
thé clocicstruck zero’. Recent photographs 
of the Не Space telescope reveal the 
shear magnitude of the process of creation 
of stars and associated planetary systems. 
Photo 1 shows the famous photograph of 
stars farming in che Eagle Nebula, some 
7000 light years. away. 

So science has therefore progressed from 
телей" бегегтіліпр the laws of physics 10 
assessing them in the light of possible 
permutations of all the laws that could 
possibly have come inio existence. This is 
like some codebreaker trying to assess the 
psychology of the person setting the codes. 
Some theorists can even conceive of paralle! 
physical universes that relate to different 
solutions of die basic cosmic equations. 
While at the beginning of the century; 
physical science was diminishing the 
patemtial for the existence at God in the 
Universe, by explaining in an apparenily 
increasingly mechanistic world, there is also 
amore creative, inquisitive scientific 


miverse.showinge. . 
(Courtesy NASA' STSCI) 
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Photo3 (Hubble imdgeg of distant galaxies hav reveated that the Universe is. " 


mainstream active presently which is trying 
i0 come to grips with the many challenges 
of thought triggered by the discoveries af 
science. These are interesting times in che 
mind of the Cosmologist. 


Consciousness Revisted 


Іп the books on popular science, we still see 
many which refer to the mysteries of human 
consciousness as a topic linked to explaining 
| the universe’. Almost as if someone is 
tapping chalk on a blackboard, the reminder 
comes through many of them - our 


reharka upiform in all directions, Courtesy NASA'STSCLI. 
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understanding of human consciousness has 
noradvanced to any great significance in the 
last 100 years despite the best effors of 
science. As scientists contemplate a uniform 
theory of everything, the aspect of human 
consciousness deftly defies а physical 
explanation. As various authors, however, 
рша time limit on unravelling the number 
of years required to fully ‘understand’ 
consciousness in terms of neural networks 
and Ohm's law, there remain a solid core of 
others who are skeptical of the ability or 
even the mole of science to find a satisfactory 
purely physical solution. 


: The Esoteric Response 
Science today thus asks the question - Why 
was the Universe created? Various 
mainstream religions and philosophies 
would for their pari indicate thar the 
creation of the universe provided an 
opportunity for consciousness to develop 
and in so doing for consciousness, by free 
will, to discover the mind. of the Crearor. 
Moreover, some more esnteric sources 
would indicate rhar the physical Big Bang 
was the result of erystallissdon of thought, 
that thought energy wus the ultimate source 
of energy for the Big Bang - a cosmic 
thought of the Creator, 50 in looking for the 
First Causé, as iL were, this was initially 
separate from matter but manifested 
subsequently as matter. 


Cosmic Milestones 
The fiting together of some of the many 
Pieces af the jigsaw of creation bas taken 
some time to progress thus far. Most of the 
significant devclopments have taken place in 
the 20th century through Newton's 
‘discovery’ of gravity has until very recently 
been thought (о be the most critical factor in 
the long term survival of the physical 
universe and also the most difficuiz to explain 
as part of a unified theory of everything. 
While there had been speculation of the 
nature of the Milky Way as being a vast loca! 
collection of stars, it was the completion of 
the 100 inch telescope at Mount Wilson 
near Los Angeles that gave Edwin Hubble in 
the 1920's the opportunity to resolve 
individual stars within so called Messier 
Objects such as M31 ап M33. Ir had been 
known for some time that cycles of stellar 
evolution gave rise 10 so called Cepheid 
variable stars whose variaiion in brightness 
with time could Be related to their absolute 
luminosity: This provided: means of 
determining the relative distance of such 
stars at thé very exige of the then visible 
universe. By observing the characreristic 


i i i i 


Intensily of signal 


Measurements of the remnants of the 
heat of the Big Bang, recorded by the 


cosmic Background Explorer satellite In 


1988, fit perfectly with theory 


i 
i H 


Curve is theoretical 
prediction based on 


: i і 


__+ Big Bang model of the 
universe 


Figure 2. Data obtalned by 
„the Cosmic Background 
Explorer Satellite in 1989. 
Тһе data polnts shown as 
squares provides a perfect 
fit to the 2.76 K black 
body radiation. 


|, 
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Black squares are satellite data 


x B 


Frequency of radiation 


TEMPERATURE 
[degrees Kelvin) 


wavelengths (red shift) of lines emiued by 
such stars it was derermined from the 
Doppler principle thar the more remote 
galaxies were in relative terms moving faster 
away from us. In fact, the very early data 
that Hubble collected would appear 
unconvincing голу, though subsequent 
observatians would mare than confirm his 
theory 25 indicated in Figure 1 which shows 
levels of red shift as 3 function of distance to 
| object observed. One of the problems, 
| however, of this approach is the sheer 
problem of extending the observation 
distance ta more and more distant galaxies 
and hoping to observe specific Cepheid 
variable stars. The universe is still expanding 
with the best curren estimate of expansion 
of the order of 15km per second per million 
light years - the Hubble consiant, The age of 
the Universe, however, has not heen 
absolutely determined but is probably in che 
region of between 10 and 29 billion years. 
This is the level of expansion whichis .- 
assumed the universe is currently | 
undergoing throughout its entirety. То 
provide some perspective in the rate of 
expansion of rhe universe, Ға sphere of- 
radius 1000 million light years із considered, 
in one year it will expand bv a factor of 
0.000000005 % or equivalently it would take 
а billion vears to expand Бу а factor of 5%. 
The rate of expansion must be.slowing 
| down, however, as Ше relative gravitational 
energy of galaxies becomes a less negative 
term - Le. as thev try to free themselves 
from mutual gravitational attraciian. The 
question as 10 whether the Universe's 
expansion will keep on going as an ‘open 
expansion or attract back on itself under 
gravity as a ‘closed’ expansion has nai yet 
been completely determined. Until very 
recently the key factor was considered to 
relate to the average density with which 
| mass is distributed in the Universe. Current 
| estimations of mass range from between 6 
10 0.03 nuclear particles (neutrons,protons) 
per thousand litres. Recent work relating го 
determine any residual mass value of the 
neuuino is seen as a crucial factor in such 
determinations. Investigative science has 
therefore a fot of fundamental discoveries to 
make before this issue is settled. Also, the 
recent wark in observation of distant 
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supernova on the edge of ihe visible 
universe - suggesting that the expansion of 
ihe Uniserse із accelerating - has thrown 
Cosmology in s spin. 

There 15 also the suspicion that since the 
interaction between neurinos and 
mattecantimaiier is so smali, there could 
still be significanc levels of antimatier in the 
universe in the form of anti-neutrinos, Аз 
time goes on, does this imply that even this 
mass companent of the universe is nor in a 
steady state but is slowly declining with 
time? Future work in particle physics will in 
addition be seeking particles af so called 
Dark Matter in order to account for the 
large component of apparent missing mass 
in the universe. To date only around 10% of 
matter can be accounted for Бу direct 
astronomical observation. 


An Eagle Eye 


The Hubble Space telescope has enabled 
resolution of the most distant optical images 
so far captured. [n setting the telescope to 
look to the very furthest limits of resolution, 
photo 2 shows images of deep field galaxies 
at the very edge of the present detectable 
universe, Some of the galaxies are 30th 
magnitude in brightness. Whitt is revealed is 
а bewildering array of types of shapes and 
colours of galaxies in а tiny spec of the sky. 
Analysis of many images of distant galactic 
fields indicates that the Universe is statistically 
the same in all directions - providing some’ 
clues about the-unifarmity of the process of 
expansion of the сапу Universe, Phato 3 
indicates a typical field of galaxies indicating 
а range-of types and sizes of galaxies present. 


. The Cosmic Microwave 


Background 

The physical universe that we know today is 
regarded as one which evolved from earlier 
beginnings, It is estimated that at one phase 
during the initial expansion when protons, 
neurons and electrons had become stable, 
there was intense characteristic radiation in 
ihe form of photons at a characteristic Black 
bady radiation of around 3000 К. The 
Universe then was a very ‘bright’ place. As 
the space of the Universe expanded. the 
individual energy af these photons was 


Figure 3. Process of 
cooling of universe. 
Each cooling by a 
factor of 10 Is 
associated with a 
volume expansion of 
a factor of 10. 
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correspondinely diminished as their energy 
became spread over a much larger volume. 
The remnants of this original ‘big flash’ 
radiation is beén as a characteristic Black 
Body radiation at an equivalent temperature 
af around 3%. Figure 2 shows the dats 
obtained Бу the Cosmic Background 
Explorer Satellite in £989. The data points 
shown as squares provides a perfect fir to 
the 2776 К black body ractiation. 

This background radiation was first 
discovered іп 1964 by nvo radio astronamers, 
A. Penzias and Robert W Wilson. This analysis 
ako provides information on the energy 
density af such photons - providing iri the 
process an indication that most of the energy 
of the universe now is in the form of matter, 
while during the initial phase of the Universe, 
most of the energy was in the form of high 
energy photons. ` 

in fact, the remnants of this early 
radiation field indicate that in winding back 
the clock of time as the universe became 
smaller, it becamé consequently hover as 
vharacterised by the energy of phorons 
present. In respect of this, photons af pure 
energy could begin to produce particles af 
physical matter. Electrons and positrons can 
be considered to form from photons of 
energy of characteristic temperature 5.9 x 
ҚК and protons and neutrons ar 


‚ significantly higher energies of 10° К. 


Figure 3 indicates the principle of cooling of 
the Universe which has been considered to 
have undergone since the start af time. 
Thus for a reduction of temperature by 2 
factor of 10, is associated а time facor of 10. 
As physical particles were formed, they were 
formed as matter and antimatter types, with 
an imbalance of the order of one part in. 
1000 million in favour of matter particles. 
The remaining particles of matiér remain as 
evidence of the much ereater numbers of 
panicles of both types that would have been 
formed but which annihilated themselves. 
Thus the sheer existence of the physical 
universe is as a result of the infinitesimal 
lack of symmetry between matter and 
antimatter, As might be expected, scientists: 
are very keen to determine exactly why this 
is 50. IF the symmetry was exacity zero, then 
no physical universe would exist at all. 

Next month we look ат how technology | 
yeilds some answers. | 
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POWER ADAPT ir 
A STUDY IN SWITG 


REGULATOR 


design of a compact 12V to 6V switching regulator. 

ower supplies basedon : Linear Regulators 

simple linear regulators — : Not! à 

are fine бог simple от Not: 
2pplications, where the i Belore even considering the 
demands for efficiency, space desiun of a switching power 
ani thermal design are light. i supply lec us look at why we 
However, as these requirements | cannot get away with using a 
become more imponunt, the t simpler linear regulator. Most 
switching regulator offers a i linear regulators, rynified by the 
more viable solution, ; familiar 78xx series three- 

For many designers, these terminal regulators, are very 
inherentiv simple devices are і nifty devices, They are based 
shrouded in mystery, deep in : around a pass teansisior, error 
the realm of electromagnetic : amplifier and voltage reference, 
«design. This article intends to i as shown іп Figure 1. 
shine some light on this topic. f. Considering the external 
T help us all understand the : simplicity of these regulatars 
theory behind switching t there is a lor going on inside, То 
regulators we will also look.at ; understand how it works, we. 
the design of an in-car power і will start at the output and work 
adaptor for a Psion 5 personal — : our way back to the input. 
organiser, but can be used for і Тһе омірін voltage provides 
any suitable device requiring 6% i current fac resisior RI to bias 


і feedback signal V2, which is fed 


-еееегеегеееесесеееесегееевевсееевегееәеое 


Кей Јорпѕоп of Cambridge Consultants Ltd., discusses the 


into the error amplifier UL. 
The Ше of UL is тегу tiresome: 
it spends all of its time trying to 


і keep V2 equal to V1 by varying 
: the drive to the base of pass 

і transistor Q1. ‘the thermal 

P shutdown module constantly 


monitors the temperature of the 
silicon and if И gets гоо hor it 


> shuts down the device, ar least 


until the temperature drops. 
We all know they work. We 


: have all used them as little back 
: boxes fora quick and easy way 


io get а. clean, stable, regulated 


: supply for a project (typically 


12V for analogue circuits and 5V 


i for digital circuits). But what is 

і wrony with this rosy picture? 

: Why do some designs need a 

: switching regulator. while 

: others are quite happy with a 

t linear one? Well, there is по one 
: single answer Instead, there are 
> а number of parameters ihat 

: combine ta make the choice 


berween switching and linear. 
Here we ill look at some of 
the more imporant ones. 


‘The Efficiency Drive 
: Switching regulators аге 
Ee More power efficient 
than linear regulators. In the 
linear regulator the pass 
transistor is always passing 
current, being neither fully 
ане nor tumed off in ihe 
к state, the pass transistor 
acts as а resistive element, 
camping the lead current and 
ihe difference berween the 


: | supply vole and the ourput 
і voltage. The power dissipated 
i by the pass transistor is the 


produc of ihese two quantitics: 


Figure 1. Three terminal regulator: 
unsung hero of the electronics age. 


All stages of the design will be 
fully illustrated! throughout, so 
you should be able to apply the 
same techniques when designing 
L your own switching regukuor. 


| voltage, V1. Divider network R2 


diode DI. This generates a a 
temperature-stable reference : 
and R3 tap affa portion of the Figure 2. The four basic components of a buck converter. 
output voltage. providing the 
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Pa = іх Vio Watts) 
Where Pe = power dissipated 

by the pess transistor 

| = lond current 

Vo = difference benvoen 

три ана output voltages 


For example, suppose the input 
voltage is 15V the outpur 
voliage is ЭУ and the current, 
dawn by the load is 1А. Then 
the pass transistor must 
dissipare LOW of power. This 
power manifests itself as hear — 
the whole regulator will ger hot 
То maintain the regulator at a 
safe operating temperature 
(else the thermal cutout will 
tum off the regulator) a large 
hearsink will be needed. _ 

The elficiency of this regulator 
is the ratio of the смири power 
to the input power 


п = Раи / Por 195) 


Assuming the input current is 
equal to the output current, 
this can be rewritten as 


и = Voa f Vis (55 


Fer our example above, the 
regulator is operating at about 3335 
efficiency: To put it another way, 
over 66% of the power provided 
by the source is being wasted. 
Naw, what does this 
seemingly inexcusable lack of 
efficiency really mean? We need 
a big wansformer to provide 
more power than is actually 
needed. We also need и large 
heatsink 10 help the regulator 
dissipate atl chat waste energy. 
We have to consider carefully 
where.io mount the regulator ~ 
all that waste heat bas to go 
somewhere. The heat radiated 
by the regulator and its heatsink 
will hea; up surrounding 
components, slowly cooking 
them to a premature Чей. 
However, it is not all doom- 
and-gloom for the humble 
linear regulator. It is very cheap, 
costing a few pence for the 
smaller devices. The surrounding 
circuit is about 36 simple as 
possible — two capacitors.-And, 
of particular importancé to 
analogue signal processing 
systems, there is little noise 
present in the repulaied output. 


. 
Enter Тһе Switcher 
Far most purposes the advantages 
of linear regulaiors outweigh 
their disadvantages, which is 
why they are so prevalent, 
universal and cheap. But most 
does nor equal ай], There are 
situations where lack of efficiency 
and/or excess heat is а very real 
problem, and these are the 
situations where switching 


n 


o 
Switch State 
Oii 


Source Current 


` inductor Current 


Load Voltage 


Diade Current 


regulators have taken over. 

The emergence of the 
desktop computer has been a 
major farce in pushing power 
supply technology to produce 
ever cheaper and more efficent 
power supplices. The higher 
efficiency means smaller heatsinks 
and mare compact designs. And 
removing the necd for large bulky 
wansiormers drastically reduces 
the overall cost of the unit. 

‘The power supply design 
described here provides а 
regulated 6V output, and able 
to deliver up to ТА. from a 12V 
source. На liner regulator 
were used we would need a 
heatsink to dissipate up to 6% 
of waste power. Using a 
switching regulator, whose 
efficiency is about.8075, we only 
waste about IW of power, and 
we do not need a heatsink. 


Super Features 
So far we have only compared 
like with like features of the 
linear and switching regulators. 
Bur this is only half of the 
picture. Switching regulators 
can do things that linear 
regulators cannot — output 
voltayes greater than the input, 
and output voltages of opposite 
polarity to the input. Both these 
features put switching regulators 
way ahead of linear regulators. 
There are many basic switching 
regulator designs, ar topalogies, 
but the evo most common are 
the buck and the boost. There 
аге many others, for example 
the yback regulator, and also 
hybrid combinations of different 
topologies, for example the 


TTD 


. Vrippte 


bück-boost. 

The buck converter 
produces an output voliase 
that is less than the input 
volage, Ar a ‘black bow’ level it 
behaves exactly the same as а 
linear regulator. However, it 
can operate ai а much higher 
efficiency, typically 80-90%. 
The basic avout of a buck 
converter is shown in Figure 2. 

The operation of this 
regulator has ovo distinct 
phases. The first one occurs 
when the series switch, S, is ‘an 
and the input volrage is 
cannected to the input of the 
inductor. The output of the 
inductor is the output voltzge, 
and the catch diode, D, is 
reverse biased. During this 
period, since there is a constant 
valiage source connected across 
the inductor, the inductor 
current begins 10 lincarty ramp 


: upwards as described by the 


following equation: 


fon = (Vin - Vas) Ts J L 
Where [e is tbe inductor current 

during the on phase 

Vin ds the input voltage 

Veer is tbe output voltage 

Tea is tbe оп time 

Lis the value of inductance 


During this ‘orn? period, energy 
is stored within rhe core material 
in the farm of magnetic flux, If 
the inductor is properly designed, 
there is sufficient energy stored 
to carry the requirements of the 
load during the ‘off’ period. 
The next period is the ‘off 
period. When 5 tums off, the 


= 


voltage across the inductor 
reverses its palariry and is 
clamped at one diode voltage 
drop below ground by catch 
diode D. Current now flows 
through D thus maintaining the 
load current loop. This removes 
the stored energy from the 
inductor. The induceor current 
during ihis time is: 


[9 = Wea - Va). Тағ/ 1 
Where Toff is the inductar current 

during the off phase 

Va is the voltage across 

the caich diode D 

Tyr is the off time 


This period ends when 5 is 
once again turned on. Regularion 
of the.canverter is accomplished 
by varying the duty сүйе of the 
power switch. The duty сүсіе is 
determined by the ratio af Tea 
io the overall switching cycle T: 


D= Ton} T 

Where Tis the period of switching 
Ton is tbe duration of 
the 'om period 


For the buck converter with 
Шел! components, the duty 
cycle is defined by the ratio of 
ihe input and ourpur voltages: 


D = Vow f Vin 


The complete cycleis illustrated 
in the wavelorms of Figure 3. 
With ideal components there 
would be no ripple on the ourpur. 
However, the nonddeal resistance 
in the inductor gives rise to some 
ripple in the ouipur (Vripple). 
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Figure 4. Block diagram of the Pslon 5 In-Car Power Adapter. 


Putting Theory 
Into Practice 
Wehave nowseenthe — 
arguments for using switching 
regulators, and covered the 
basic theary of operation for the 
buck converter. The remainder 
of this article will look at ihe 
design of a power supply to 
provide ӘУ at up to LA from an 
unreculated supply in the range 
11 to 15V The PSU is imended 
to power а Psion 5 personal 
organiser computer from a саг 
cigarette lighter socker. It could 
be usec for any number of 
other applications by changing 
some of the components. 

The topteve! block diagram 
of the power adapter is shown in 
Figure 4. The primary purpose 
of the input filter is to block any 
switching noise fram ihe 
regulator from finding its way 
out into the саг power lines. If 
left unatrenuated this noise could 
he picked up by the саг radio, 
causing unsanied interference. 

The regulator converts the 
input power to a regulated 6\ 
which is then filtered by the 
output Alter, this time to 
provide clean outpur signal, 
but also to, again, limit che 
spread of switching noise. 

The overvoltage crowbar and 
associated fuse is provided as 
an emergency protection for 
the load. Onc failure mode of 
any switching device is to short 
the input to the output, which 
could be disastrous for the load. 
The crowbar circuit senses the 
output voltage and, if it exceeds 
a set threshold, will atitarmaricaliy 
put a short across the supply, 
blowing the fuse and protecting 
the load. 

Finally, some indication of the 
supply status is provided, 
primarily for the user's benefit. 


Square One 


Turning the block diagram of 
Figure 4 into a circuit is the 
next Stage in this design зікір 
During the design process there 
are Many options available for 
cystomising the circuit. They 
will be highlighted at ihe 
relevant poinis. 


1 - The Regulator 


The first block 10 consider is 
the heart of the adapter — the 
regulator The device chosen 
for this project is the LM2585T- 
ADI, available from a number of 
manulaciurers (National 
Semiconductor and Могого то 
name hut 140). The ADT 


+ signifies this is the adjusrabie 


=== 


output version of the 1М2575 
family. The other members of 
the family provide fixed outputs 
of 3.5V. 5М 12V and 15V. The T 


ч means the device is ina 5Jegged 
i TO-220 package. 


=== 


The LM2575 regulitor packs а 
lot of functionality into а very 


: small package. It can supply up 


to LA, has an internal oscillatar 
running at 52kE, has а shutdown 
mode for low power орсгапол, 
is very efficient (typically 80%), 
has 2 built-in 1.23V reference, 


: and has thermal shutdown and 
i current limit protéction. 


Тһе regulator needs a few 


: additional components to build 


a switching regulator systems, 


і We saw earlier thar as well as a 
: switch, we need a diode, an 
i inductor and a capacitar. 


Since the circuit will be 
running at 52kHz we need а 
diode with 3 fast recovery time. 


: Ordinary silicon rectifier diodes, 


like the 1N4001 family, are 


From. 
Moa 


and 


we can derive 
I 


Overvoilage 
Crowbar 


ПТО 


Power 
Indicator € 


much roo stow for this purpose. 
instead, a fast switching 
Schottky diode is needed. For 
this project a 1N5819 is suirable. 
The choice of inductor is 
crucial ro the success of this 
design. It. must be large enough 
to be able 10 store enough 
energy to power the load during 
the ‘off’ phase. ft must have a 
low lass to ensure a high efficiency. 
And изу have а low DC 
resistance to keep the output 
ripple as low as possible anc to 
reduce the loss of energy duc 
to current heating in ihe wire 
(so-called 'I-squared-R' losses). 
The mathematics involved! in 
deciding on a value for the 
inductor is shown in Figure 5. 
The value calculated from 
Figure 5 is 33041. Looking 
through the lacesr Maplin 
caralogue (vou did not chink 1 
was going 10 look anywhere 
else, did you?) there is a 
suirabtc inductor, code BUSFM, 
with the added advantage of it 


Г (Vin - Мон оп 


Ма - Vou) Уаш 1 
L 


Vie = 


Assume Идо = ооу and rearrange ro solve for L: 


Туп” Vow) ке 1 
laa 


Now puting in design values for Vis, Vow 


L= 


15.0-6.0 150 1 
pp 


A Н 


+ Tig and Қас 


$0 ЖИ: Н 


L= 69.2 pH 


The value calculated! from the above equations assumes ideal 
components, To Шоху for the inadequacies af real components 
a factor of 5 should be applied to the above value. The nearest 
preferred value would then be 33021. 


The value of output capacitor must mS the following condition: 


Сош 7,785 


Viti 
F 
Vou 


Putting in component values, we get: 


15.0 


Cau 7,785 Co Y 3300H 


Cou 


59uF 


However, for acceptable output ripple voltage use a much 
higher value, for example 470gT. 


Figure 5. The values of the maln Inductor and capacitor can be 
calculated with the aid of some basic algebra and rules of thumb. 


> ELECTRONICS AND BEYOND М5у 1999 


being wound an a tomida core, 
Toroidal cores are very good at 
keeping the magnetic ñus 
within іле confines of the core, 


2 for low 1055, which has che 
t added benefit of reducing Зику 


rhagnetic fields inducing noise 


t in other, nearby, circuits, 


The output capacitor must he 


? chosen to sausfy iwo conflicting 


requirements — capacitance and 


і effective series resistance (ESR). 
: In general, as capacitance. 

і increases, so does ESR, mainh- 

: due to the physical construction 
t of the capacitor. Needless to say, 
ї what is required is a big 

i capacitor with a low ESR. 


for this. application a 


= capacitor with an ESR of 0.18, 
1 or less, and a minimum 


capacitance value of 3304F is 


: required. The nearest available 
: component from the Maplin 
: catalogue is з 470nF 35V low 


ESR radial electrolytic. And it 


i cornes in a bright pink can. 


So far, che components 


: chosen for the regulator will be 
: suitable for most applications of 


the [M2575 series. For some 
applications, where the average 
current drawn by the load is 


1 close ro 1A the diode should be 


uprated to che capable of handling 


From va cM (++) 


where Уге-1.23У 
By sewing RI то 1.0k, 1% 
Your to 5.0%: and rearranging: 


Vout 1+ Ei Es 
Vef ^R 


= (ф®ш- ) 


=1000 (E ) 


=3578 О 
The nearest preferred value 
for R2 15 ЗКО, svhicli shoutd 
be a 1% tolerance component. 
Figure 6, With the value of 
R1 fixed at 3k, the valua 


af R2 is set the hy the 
desired output voltage. 


rearranging we get: 
at= it 


cosy 
Ап LC lowposs fiter has a cut 
off rate of RIB, Fora rasamble 
degree of anenuwiion of the 
switching frequency: say 2B, 
we need a а-о Есту, fc. 
of 3250Hz Insening the values 
of Cand fc the value o i 
сзи босі above ЗН. 
Tenens prefers) valves 24H. 


Figure 7. The filter 
inductor, together with 
the capacitor, forms an 
efficient lowpass filter. 


Figure 8. A 
simple and 


effactive 
crowbar, 


morethan 1.5А (for exarnple а 
155822, order code ALOSJ). 

The last part of the regulator 
to consider is the feedback 
network. The network is actually 
a potential divider, setting the 
feedback pin to some friction of 
the desired output voltage. The 
worked example in Figure 6 
shows how the values of the 
two resistors arè calculated. 
With а bottom resistor of 1k0, 
the top resistor value must be 
3k9. Both resistors should be 
1% tolerance or better. 

Using the equations of Figure 
6 it is possible to calculate values 
of resistance: for any desires 
output voltage. опе af the 
fixed output regulators is used, 
the banom resistor should he. 
omitted, and the top resistar 
replaced with 2 wire tink. 


2 - The Filters 
The nest two blocks are the 
input and ourpat filters. Since 
they must filter out noise af the 
same frequency they can be 
made from the same valued 
components. Because the load 
current passes through the 
filters they should be as energy 
efücient әз possible. This 
precludes the use of any 
resistive clements, so we have 
to use an entirely reactive fiker 
odie from inductors and 
capacitors, For this application a 
single LC filter will be sufficient. 
The data shegi for the 
regulator recommends a low 
ESR capacitor of 100pF be 
placed close to the input pin. 
This neatly answers the question 
of what value capacitar to use. 
The value of the inductor is 
calculated from some maths and 


SUPPLY RAIL 


GROUND 


: some rule of thumb, shown in 


Figure 7. For an atienuation of 
approximately 20dB of the 
switching noise, and given that 
an LC filter has a cut-off rate of 
20dB per decade, the filter 
needs to have its—3dB point at 
about 4kHz. 

A diode should be connected 
in series with the input fter to 
protect the filter and regulator 
from accidental reverse 


= connection. The cost of ihe 


regulator —seven pounds — 
more than justifies the additional 
cost of a five pencé diode. 


3 - Load Protection: 
Fuse and Overvoltage 


: Crowbar 


: The next major circuit block to 


consider is the overvoltage- 
crowbar circuic- The purpose 
of this seciion is quite-simple: 
monitor the output voltage 
and throw a short across the 


i output if ihe voltage exceeds 


а pre-ser threshold. | 
The crowhar irself is a thyristor 
connecied directly-across the 


output. When the sensing 


circuit turns on the thyristor, it 
shorts the power supply by 
placing a IV dummy load across 
the rails. И passes all the 
current the supply can provide 
hefore the fuse blows, cutting 
off any further current. During 
this brief on state the output 
voltage is reduced to about ТУ 
Scanning through the Maptin 
catalogue a likely candidate is 
the CP106D. E comes in a small 
10-9? package, has a continuous 
current handling capacity oF2A, 


and can handle peak currents of : 


15A. This gives plenty of headroom 
to allow the fuse to blow before 


{Сл 
Ltz3721-ADJ 


Figure 9. Putting it all together. Note the critical Paths marked with axtra thick fines. 


the thytistor itself dies. 

The sensing part of the 
crowbar uses a zener diode and 
foad resistor, The zener dice 
monitors the output voltage. 
When. it exceeds the zener 
voltage (plos:a diode drop for 
the thyristor) the dioe will 
conduct сигесаг into the loud 
resistor and into the thyristor's 
Bare, turning it on. 

Тһе circuit for the crowbar is 
shown in Figure 8. The thyristór 
is shown labelled 25 an SCR 
(Silicon Controlled Reciifier), 
which is just another pame for a 
thyristor. The name ‘thyristor is 
itself a contraction of "THYRatron 
шапв18ТОК, a rhyratron being а 
gas-filled thermionic valve chat 
exhihits a similar switching 
characteristic. 

The value of R sets the zener 
on current. This should be 
about Itm, which gives a 
value of R of abour 058. The 


Я capacitor C is there to absorb 


any harmless spikes on the 
voltage rail that might 
accidentally rigger the crowbar, 
The knee voltage of the zener 
diode should be about one 
diode drop tess then the 
desired threshold voltage. For 
this circuit а 6.2V zener diode 
would be sufficient. 


4 - Power indication 
The final part of rhe circuit to 
design is the power indicator. 
No prizes for guessing that an 
LED arid current limiting resistor 
are going to be used. Assuming 
an LED voltage of 1.7V and a 
current of 10mA, we need a 
current limiting resistor of 430R. 


Putting It 


| All Together 


Now that all the various parts af 
the system have been designed 
we can connecr them all 
together, resulting in the circuit 
of Figure 9. By now you should 
recognise most, if not all, of the 
components in the circuit. 

The input power enters the 


= circuit through protection 


diode DI and input filter LE, СІ. 
This feeds directly into the 


regutator, ІСІ, ‘Whe switching 


output feeds the other buck 
converter components D2, 12 


: and C2. RI and R2 feed a 
fraction of the output volage 


back to the converter. Pin 5 of 
the regulator is the shutdown 
pin, and is pulled low to select 
continuous operation, 

The output filter, £3 anc! C3, 
passes the output io the 
protection fuse F51, before 
passing over the ever-vigilant 
crowbar, consisting of D4, Ба, 
СА and D5. Finally, R3 and D3 
provide power indication. 

Because switching regulators 


і suffer from high switching 
$ current circulating around the 


circuit some care must be taken 
when living out the: printed 
circuit board (РСВ). The tracks 
that need extra thickness and 
short lengths are highlighted in 
Figure 9 by the thicker lines. 
The PCB foil pattern for this 
project is shown in Figure 10, 
Referring back to Figure 9 you 


: can see that the critical circuits 
: are laid our with thicker tracks. 


Radiused.carners have сеп 
used where necessary, generalle 
trying to keep ail tricks а$ 
direct and as short as possible. 


Construction 


The component overlay for the 
РСВ is shown in Figure 11. All 


: components mount directly oa 


ihe single-sided board, and there 


: аге no wire links, so building the 


power supply should be quite 


i straightforward, 


Stan with the smaller 
components — the diodes, 
resistors, PCB pins (if used}, 
fuse clips, LED and capacitor 
Cá. Then work your way up 
through the larger components 
— EL I3 and the remaining 
capacitors — before fitting the 
main inductor, L2. Remember 
io take particulae care with the 
polarized components, especially 
the elecwolstic capacitors. 

The final camponent to fit is 
the regulator itself, ІСІ. This is 
mounied directly on the PCB, 
and does по need a heatsink, 
Make extra sure ше device is 
properly oriented, with the 
metal back of rhe device icing 


:cawav from E2. 


Give the board a thorough 
clean with a stiff brush and 


i some iso-propyl alcohol (IPA) or 


other flüx-removing agent, Once 
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all of the Вих residue has been 
cleaned off give the board a 
close inspection with 2 
magnifying 02355 to check for 
solder splashes and to check the 
quality of all the joints. Clean up 
or repair any suspicious joints. 


Testing 

Before using the power supply 
in its intended application it 
should be ested to make sure 
that a) it actually works, and b) 
will not damage whatever it is 
connected to. This second point 
is especially relevant given the 
potentially high voltages that 
could be: presented to the load. 

Testing this project will require 
some key items of equipment. 
Firstly, a decent multimeter, 
preferably with a DC current 
range of LA or greater. This will 
be ией co measure the ouput 
voltage and the current drawn 
from the supply: 

Second, some sort of 
dummy load is required to test 
ihe regulator ага number of 
load currents. Three spot values 
of load current should be 
sufficient. For example, НОА, 
500mA and 1А, requiring load 
resistors of 60R at 0.6\% 12R at 
5% and ӨК at 6W respectively: 

Тізігейу; a bench power supply 
capable of delivering 15V at up 
10 1А. The пай should also have 
some sort of adjustable current 
limisine device, just in case 
something goes terribly wrong. 

Finally, for the more curious, 
am oscilloscope for observing 
and measuring the various 


? waveforms present within the 


switching regulator. 

Begin by connecting the РСВ 
to the bench power supply; 
puting an ammeter ín the 


; positive supply rail. Set the 


current limit to about 500mA, 
the ammeter range to 1A, and ` 
Lun. On. | 

The needle of the ammeter 
should flick over to the right 
hand side of the scale before 
seitling back tawarils zero. This 
is the rurn-on surge that most 
simple swirch-mode power 
supplies exhibit, and is primarily 


; due to the main capacitor 
: charging up. 


Aher а couple- of seconds the 
current should have ѕешеа 
down io a steady value of 2 few 
milliamps. The only load of the 
regulator at the moment is the 
10n1A4 or so drawn by the LED. 


Е The current drawn from the 
t supply shoutd be a little over 2 


third of this, allowing for the 
efficiency of the regulator. 
Using a voltmerer check the 


: output of the regulator is very 
і close to 6.0V Also carefully check 
z all ofthe components on the 


board то see if any are getting 


2 hor. At this stage of operation 


everything should be coal to the 
touch. If noc, switch off immediately 
and investigare ihe cause. 

Тһе nex three Stages in 
testing involve aur dummy 
loads. Disconnect the regulator 


: from the supply and connect the 
: 608 dummy lozd. Reconnect the 
: repularor ta the supply and 

; check the input current is about 


50mA and the output voltage is 


PsionS Сағ 
Adapter ө 


Figure 10. Foil pattern for the РСВ. 


эзне за өзөн» 


6% give or take а smali margin 
of error of O.5¥ 

Repeat the same rest for the 
other evo dummy loads. For a 
load current of 500m4 the 
supply current should be about 
260mA. For the 1A dummy load 
the current limit on the supply 
should be raised to А. In the 
steady state, the current drawn 
from the suppiy should Ge 
abour 500mA. 

Testing the over-volrage 
crowbar is a bit trickier. Remove 
the protectinn fuse FSi and 
connect a lead from-the positive 
output of the supply to the 
nutput side of the fuse holder 
(the clip furthest from L2). Set 
the current limit of the supply 
to abour 50m. Slowty increase 
ihe supply voltage until the 
crowbar activates and the 
supply current limiter kicks in. 
This voltage should be abour 6.8V 

Tf all is well, disconnect the 
supply and replace the fuse. 
You are now the proud owner 
of a switch-mode power supply! 


Usemore, 
not useless! 


The project described here has 
taken us from initial design 
techniques through to a 
working switching regulator 
module. The most obvious and 
immediate application for it is 
as an инсаг power converter for 
a Psion 5 personal digizal 
assisiant. Jo complete the 
project, vau wili need a сас 
lighter socker connector, а DC 
connector ior the output; and a 
case to house ir in. And there 
you have ir. End of project. Or 
is it? Vell, nat quite. 

A small, simple, and efficient 
switching regulator has a wide 
range of uses. These can range 
from operating other in-car 
equipment, io providing а local 
supply inside a larger piece of 
equipment, There are literally 
hundreds of uses for this 
module, all possible with ane or 
rwo minor changes. 

The description of the design 


Figure 11. Component overlay. The circles at the corners are to allow clearance for M3 washers. 
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E of this module briefty looked ағ 
і ways of modifying the circuit for 
: other uses, In particular, varying 


the output voltage сап Бе 


: achieved in rwo ways. 


‘The first way is to change the 


i upper resistor, R2, in the feedback 
і nemwork Figure 6 illustrates the 
: seps necessary to calculate the 


new value given the desired 


i output voltage: A variation on 


this approach is to make R2 2 


: variable resistar. This would 


realise an adjustable LA power 


1 supply with all the benefits of 


this design (high efficiency, low 


: output ripple, and small size). 


For example, a 22k 


> porentiómeter in place of R2 

: would give an орик voltage 

: range of between 1.2V and 28V 
> The power source for rhis 

: regulator should he able to 

: provide about 35V at up to LA 

і А teansformier, rectifier and 

: large reservoir capacitor would 
: be sufficient, as the switching 

: regulator and output filter are 


responsible for provicling a 


і clean, regulated output. 


The second way of changing: 
the ourput volage is to replace 
the variable auiput regulator 


> with a fixed output regulator. 
і There are a number of 


regulators available, with 
quiputs of 3.34 5V 12V and 15V 


t They should be used in place of 


the adjustable reguíiator for 


: Ще specific voliages. The 

: important difference is that they 
і do not need an external 

: feedback nerwork, as ir is 

: already built into the regulator. 

t On ihe PCB resistor R1 should 

t be removed and resistor R2 

> replaced by a wire link. 


These mo simple modifications 


: turn this projectinto a jack of 

i all adés, with hundreds af 

> possible applications - enough 

t то fill an entire book. But this із 
: 2 magazine, so we will only look 
: ata few uses, and leave the rest 
: up 10 your creative minds. 


1 - Portable Power Pack 


: The high efficiency of a 

: switching regulator makes it 

: ideal for banery-powered 

i applications. Coupled with a 

: rechargeable battery it makes a 
: versatile portable power pack 


for operating:a wide range of 


: appliances. 


One possible use is in a 
bicycle lighting system. One 


: iage rechargeable battery can 

: provide all the power needed to 
i run a number of LED-based 

і front and rear indicators, power 
: fora tungsten-halogea front 

i Татр, and.exen a hora. Instead 

: of using a lossy volage- | 

: drapping resistor for each LED, 
i drive them directly from an 


efficient switching supply . 


; Figure 12 shows the sort of 
i scheme that could be used. 


2 - Bench Power 
Supplies 
Combining a potentiometer and 
an adjustable regulator is an easy 
way то build a variable bench 
power supply The high efficiency 
of the regulaior means you only 
need a small heatsink, as the 
regulator body has to dissipare 
far less waste energy than an 
equivalent linear regulator. 
Figure 13 has the details. 

The regulator itself has built- 
in thermal! shutdown and over 
current protection. For this 
application the осссуонаве 
crowhar circuit is not needed 
and can be lett off the circuit 
board. The fuse could remain in 
circuii, protecting the regulator 
from excessive load currents. 

Another wav of building a 
bench supply is to have a 
number of fixed outputs. These 
could provide a set of standard 
voltages, for example 5V 12V 
and 15У The high efficiency of 
the regulators means all the 
regulators can be run from one 
supply rail with no penalty in 
waste energy. 


3 - Distributed 
Power System 

The final idea is for builders of 
larger systems. In a svstém of 
many boards or modules, 
requiring а number of different 
supply voltages, an efficient way 
of clistributing pawer is to use 2 
high-voltage common supply rail. 
Each module would then have 
its own local regulator to derive 
the required supply voltage. 

Switching regulators offer an 
energy-efficient solution to this 
design challenge. The шора! 
supph-could be run а! anything 
up to GOY cutting down on 
resistive heating losses and 
simplifying the internal wiring, 

Adding a new module would 
simply mean adding another 
local regulator, not a major 
wiring exercise back to ihe 
cenmil power supply, 


The Final Act 


And so we come to the end of this 
projec. Having thrown back the 
shrouds of mystery surrounding 
the switching regulator, we have 
looked closely at how it works and 
how we сап use it. 

As un illustration of the issues 
rovere, a complete power supply 
design, fram initial specification 
1irough to final PCB artwork, 
has been presented. Finally, 
some ideas for further uses of 
this versatile modute have also 
been described. 

Unfortunately this article. 
canno hope to cover all of the 
theory. design techniques and 
applications of switching 
regulatars. However, there are a 
growing number of good books 
on this fascinating subject 


E 12V 


Rechargeable 


Battery 


+ Switching С 
Regulator 


Left 


Indicator 


Right 
Indicator 


Figure 12. An efficlent hicycie lighting system. 


A good place to start is rhe 
seciion on switching regulators 
in 75e Art of Electronics (order 
cade WS20W). Section 6.19 in 
the second edition stars aff 
with a general introduction.to 
switching regulators, looks at a 
nuinber of topologies and 


Е design studies, before finishing 
: with а collection of useful tips 
: and advice on the selection and 


use of switching regulators. 
Fora mare irnxiepth coverage 
at this topic Keith Billings’ Switch 


: Mode Power Supply Handbook 


is ап excellent choice. lt covers 
everything needed to design ali 
sans of switching regulators. 
For those who prefer dresis 
to theory, the Power Supph: 
Cookbook by Marty Brown at 


Figure 13. Variable bench power supply. 


Motorola is probably more 
suitable. It aíso has the advantage 
of covering linear regulators and 
also resonant switching regulators 
for the more curious reader. 

As with any book topic iris 
worth browsing а few books an 
the subject io find one vou can 
readily absorb. 
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ast month's opening 
episode of this special 
fearure explained the 


basic operating and usage 
principles of 7-segment 
alphanumeric displays. This 
month's concluding episode of 
the article deals with practical 
7-segment decoder/driver 1Cs. 


Practical 
Decoder/Driver ICs 


Decoder/driver ICs are available 
in both TIL and CMOS forms. 
Some af these devices have 
integral ripple blanking 
facilities, others have built-in 
data Intches, and a few even 
have built-in decade counter 
stages, etc. The rest of this 
article describes 2 few of the 


Usin 
7-SEGM 


DISPLAYS 


өеесееес PART? >»әеесесеев 


resistors must limit the segment 
currents ғо less than 24тА in 


: the 741547, and less than бтА 
t in the 741545. The 741518 can 
: be used to drive a -segment 

: LCD display by using the 


connections already shown in 
jast:month's Figure 11, 
Noté from Figure 1 that each 


> Of these ICs has three input 
> ‘control’ terminals, these being 


designated IT (Lamp Test), 
ВИО, and RBI. The LT 
terminal drives all display 
outputs on when the terminal is 
driven то logic О with the КВО 
terminal open or at logic 1. 
When the BERBO terminal is 
pulte: low all outputs аге 


: blanked; this pin also functions 
: аза nipple-blanking ouput 


terminal. Figure 3 shows how to 


Ray Marston looks at practical 

7-segment decoder/driver ICs in 
|. this concluding part of this special 
The 74LS47 : : қ 

feature article. 

and 74LS48 | ! 
These 7-вертепг decoder/driver : 
ICs are members of the LS TEL 
family. They have integral 
ripple-blanking lacilities, but do 
not incarperate dara latches, 
Figure 1 shows the functional 
diagrams and pin designations 
of these devices, each of which 
is housed in a 16-pin DIL packagc. 

The 741847 has active-low : А 
outputs designed for drivinga — : ІСІ 
от LED display viz : 9 741547 
external curren:-limiting 
resistors (Rx). as shown in ; 
Figure 2. The 741548 has active- : .. в 
high outputs designed for : 
driving а common-+athode LED 
display in а manner similar to 
that of Figure 2, bur with the 
displays common terminal 
mken то ground. The Rx 


most popular of these devices. : connect the ripple-blanking 
: terminals to give leading zero 
: suppression on the first three 


: digits of a &digir display. 


+57 


саттай 
anode 


BI/RBO 


7—segment 
LED disploy 


Figure 2. Basic way of using a 741547 1С to drive a common-anode LED display. 


То 7—segment display To 7—segment display 


ай 
BI/RBO 


Figure 1. Functional diagram of the (а) 741547 and (b) 741548 BCD-to-7-segment decader/driver ICs, 
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Thousands 
741547 

[5194 

RH1 RBO 


(MSD) 


Hundreds 


BCD inputs 


Units 
741547 
[24 
RB1 ква 


741547 


to 7-ведтелі displays 


Figure 3. Method of applying Ieading-zero suppression to the first three digits of a 4-digit 


display using 74LS47 ICs. 


The 4511B 


The most papular CMOS 
3000B-scrics BCD-to-7-segment 
L.ED-driving IC is the 4511B 
(also available as the 
7ÀHC511), which has an 
integral -{-bit dats jaich bur has 
no built-in ripple-blanking 
facilities. Figure 4 shows the 
functional diagram and. pin 
natations of the device, which 
can use any power source in 
the 5V 10 15V range. The IC is 
ideally suite to driving 
commnn cathode LED displays, 
and uses npn bipolar output 
transistor stages that can each 
source up to 29mA. 

The 45115 is уёгу easy to use, 
and has only three input 
conn) terminals: of ihese, the 
па (pin-3) gin is normally 
tied high, but turns on all seven 
segment of the display when 
pulled low. The not-BL (pin-i) 
terminal is also normally tied 
high, but blanks (turn aff) all 
seven segments when pulled 
low, Finally; the LE (latch 
enable) terminal (pin-5) enables 
the IC 10 give wither direct or 
Jatched decoding operation; 
when LE is low, thé IC gives 


TSM to 15у 


Figure 6. Driving a common-anode LED display. 


To 7—segment disploy 


ІТ БІЗДЕ D 


T-segment Iatch/decoder/LED-driver iC. 


-5V to 15У 


Pin 16 
(V+) 


Figure 5. Basic мау" 
of using the 4511B 
to drive a 7-segment 
common-cathode 
LED display. 


+5V to 15V 


display 


А GND 
Figure 4. Functional diagram and pin notations of the 45115 


direct decoding operation, but 
when LE is taken high it freezes 
the display. 

г Тһе45ТІВ can be used to 

: drivé most popular types of 7- 

* segment display. Figure 5 shows 
the basic connections for 
driving a cammon-caihode LED 
display; a currentlimiting 
resistor (Rx) must be wired in 
series with each display 
segmen: and musr hase its 
value chosen to limir the 

i segment current below 25m4A. 

i Figures б, 7 and 8 show how 

Р to modify the above circuit to 
drive LED common-anode 
displays, gas discharge displays, 
and low-brightness fluorescent 
displays respectively, Note in 
the cases of Figures 6 and 7 that 

: ап пря buffer transistor must 

: be interposed Бегусей each 
output drive segment and the 
input segment of the display; in 
each case, Rx determines the 
operating segment current of 
the сіѕріау, and Ry determines 
the base curreni of the transistor. 

The 45115 can also be used 
10 drive 7-segment liquid-crysial 
displays by using an cxrernal 


П. хх 
(See text) 
I 


7—segrnent 
LED display 


common 
cothode 


To oppropriote 


*=see text anode volloge 


7—segmenl 
Rx* display 


Q1 


ОУ 


Figure 7. Driving a gas discharge reatiout, 
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45V to 15V 


16 


Filomeni 
‚р supply 


To Vss or appropriate 
Ov vollage below Vss 
{=Vss} 


Figure 9, Functional diagram and pin notations of the 4543B 


Figure 8. Driving a low-hrightness fluorescent readaut. universal 7-segment latch/decoder/driver IC. 


: swinging fully berween the 
¢ GND and Vee values) must be 
i applied to the PHASE terminal: 


common—cathode : for driving common-cathode 


display = t LED displays, PHASE must be 
: grounded: for driving common- 
4543B Out 45438 Out : anode displays, PHASE must he 
| | : tied to logic high. 
GND PHASE GND i The display can be blanked at 


cornmon- спобе 


| Е any time by driving the ВІ. 
display : 


: terminal to the logic-1 level 
: When che nori AICH terminal is 
і in its normal high (lagic-1) stare, 

(b) : BCD inputs are decoded and fed 

: directly co the 7-segment ourput 

i terminals of the IC. When the 
norLAICH terminal is pulled 

: low the BCD input signals фас 

? are present at the moment of 
transition are latched into 


Figure 10. Way of using the 45436 to drive (a) cammon-cathode or (b) common-anode 7-segment 
LED displays. 


squarewave ‘phase’ signal and aset : control terminals, these being is tied low. The state of the 


of EX-OR gates in a configuration designated nat-LATCH, PHASE, PHASE terminal depends on the : mémory and fed (in decoded 
similar to that of last month's and BL (BLANK). іп normal use type of display that is being : form) to the 7-segment outputs 
Figure 11. In practice, however, 1 the по АТСН terminal is driven. For driving LCD readouts, : unul rhe: not-LATCH pin rerums 


it is far better 10 use a -1543B IC 


biased high and the BL rerminal 


а squarewave (roughly 50Hz, 


* ro the high srate. 


for this particular application. 


The 45438 


The most popular 4000B-series 
BCD-10-7-segment LCD-driving 
IC is the 4543B (also available as 
the 74HC4543), which has a 
built-in data latch. Figure 9 shows 
the IC's functional diagram ane 
pin notations. The device 
incorporates an EX-OR array (of 
the type shown in last month's 
Figure 11) ia its output driver 
network, which can source or 
sink several milliámps of output 
current. This feature enables 
the IC to act us a universal unir 
that can thrive common-cathode 
or cammon-gnade LED or 
liquict-crystal 7-sepmient displavs 
with equal ease, as shawn in 
Figures 10:0 15. 

The 4543B has three input 


Symmetrical 
squarewove 
input 


Figure 11. Way of using the 45438 to drive a 7-segment LCD. 
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+5V to 15V 


"=see text 


4543B 


GND PHASE 


Segment 
drive 
output 


To appropriate 
onode voltage 


7—segmeni 
display 


Figure 12. Driving a gas discharge readout with a 4543B, 


Figure 10 shows basic ways 
of using the 4543B to drive 
common-cithede and 
common-anode 7-segmenr LED 
displays; the Ж resistance value 
must limit the output drive 
current to below 10mA per 
segment..Figure H shows the 
basic way of using the 4543B to 
drive а 7-scgmen: LCD, and. 
Figures 12 амі 13 show it used 
to drive other types óf 7-segment 
display; in Figure 12, Rx sets the 
segment current of the display 
and Ry sets the base current of 
the transistor (10m maximum). 


The 4026B 


The 4026B 1C is a complete 
decade counter with integral 
decoder ает circuitry that can 


common 
cathode 


To next 
decode 


RESET 2 


5-stoge 
Johnson 
Counter 


ENABLE 


Figure 14, Functional diagram and pin notations of the 4026B 
decade counter with 7-segment display driver. 


Carry 


RESET 


ІС? 
4025B 


CLK 
INH 


+5У to í5v 


45438 


Filament 
supply 


GNO PHASE 
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Figure 13. Driving a fluorescent readout with a 4543B, 


і directly drive a 7-segment 
cammon-cathode LED display: 
The segment output currents are 
internalty limited to about 5ma 
at ЮУ or ІО at 15V enabling 
ihe display can be connected 
directly to the outputs of che IC 
without the use of external 
currenidimiting resistors. The IC 
г does пон incorporate а dara latch 
* and has no facility for ripple 
і blanking. Figure 14 shows the 
: functional diagram and pin 
t notations of the 3026B. 

The 4026В has iour input 
: control terminals, and three 
t auxiliary output terminals, The 
: input terminals are designated 
t CLK (CLOCK), CLK INH 
: (CLOCK INHIBIT), RESET, and 
: DISPLAY ENABLE IN, The IC 
t incorporates а Schmitt trigger 


Decoded Outputs 


Qutputs 


Vcc 


DISPLAY 
ENABLE iN 


CLK 


Carry ІСІ 
40268 


CLK 


RESET INH 
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on its СІК input line, and clock 
signals do not have to be pre- 
shaped. The counter is reset to 
zero by driving ihe RESET 
terminal high. 

The CLK INH terminal must 
be grounded го allow normal 
couming operation: when CLR 
1NH is high the counters are 
inhibited. The display is blanked! 
when the DISPLAY ENABLE EN 
terminal is grounded: the 
DISPLAY ENABLE IN terminal 
must be high for normal 
operation. Thus, in normal 
operation the RESET and CLK 
INH terminals are grounded 
and the DISPLAY ENABLE IN 
terminal is held positive, as 
shown in Figure I5. 

Тһе three auxiliary ourput 
terminals of the 4026B are 
designated DISPLAY ENABLE 
OUT, СО (CARRY OUT), and 2 
OUT. The DISPLAY ENABLE 
OUT signal is a slightly delayed 
сору af the DISPLAY ENABLE 
IN input signal. The CO sipnal 


common 
cothode 


is a symmetrical square wave at 
one tenth of the CLK input 
frequency. ancl is useful in 
cascading 4026B counters. The 
'? OUT terminal goes low only 
ona count of 2. Figure 15 shows 
ihe basic circuit connections 10 
be used when cascading stages. 


The 4033B 


This device (see Figure 16) can 
be regarled as a modified 
version of the 4026В, with the 
DISPLAY ENABLE 1N and 
DISPLAY ENABLE OUT 


Figure 16. Functional diagram and pin notations of the 4033B 
decade counter with 7-segment display driver. A 


terminals eliminated and 
replaced by ripple blanking 
input (RBI) and output (RBO) 
terminals, and with the °?! ОСТ 
terminal replaced with a LF 


Thousands 
40336 


RBl RBO 


ль 
o 
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comrnon 
caihode 


Hundreds 


RBi 


(LAMP TEST) terminal which 


+ activates all output segments 
? when biased high. in normal 


use the RESET, CLK INH and EF 
terminals are ail grounded and 


То 7—segment common—cathode LED displays 


40338 
RBO 


Figure 18. Method of modifying the Figure 17 circuit to give autamatic leadIng-zero supprasstan. 


: the ЕНІ terminal is made 


positive, as shown in Figure 17: 


: this configuration docs nat 
> provide blanking of unwanted 
і leading and/or trailing zeros. 


H cascaded 4033B ICs are 


: required to give automatic 
> Jeadingzero suppression the 


basic Figure 17 circuit must be 
modified as shown in Figure 
18, to provide прое мате 


: operation. Here, the RBI 


terminal of the most significant 


: digit (MSD) is grounded, and 


its RBO terminal is connected 
to the RBI terminal of the nest 


: least-significant stage. This 


procedure is repeated on all 


: except the LSD, which does 


nor require zero suppression. if 


t rrailing-zero suppression is 

і required, the direction of 

2 ripple-blanking feedback must 
: bé reversed, with the RBI 


terminal of the LSD grounded 


: and its КВО terminal wired to 


the RBI terminal of the- nest 
least-significam stage, and so on. 


LSD 
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Don’t miss another great assortment 
of entertaining and easy-to-make projects 
and essential electronics information 
aimed at the novice constructor. 
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Free lunch, anyone? 


While Dixons’ Freeserve Internet system was 
the first mainstream free Internet service- 
(although there were other smaller бес 
Internet services already available), several 
other major players now appear to be falling 
aver themselves to provide consumers with 
free Internet access. Dixons already boasts 
over a million registered users of which 
around-850,000 of these are active, using. the 
system regulary for emailand Web browsing. 
One of the latest, Tesco the supermarket 
giant, has recently offered free Internet 
access to all of its Clubcard loyalty card 
holders. There are araund I0 million 
Clubcard holders in the UK. so that suggests 
what sort of market Tesco is hoping to 
achieve with the free service. Other free 
services such as che new Cable & Wireless 
Freedall system, an expected new service 
from WH Smith, and British Telecom's own 
repackaged BT Click, аге expected to 
achieve high numbers too - although it’s 
likely that Dixons and Tesco will undoubtedly 
achieve ihe lions share of the potential 
market, simply because they are higher profile. 
Free Internet services appear to be. 
tremendous value at first sight, bur there are 
hidden snags that porential users should: be 
made aware of. These snags - being hidden - 
won't have a direct impact on how users 
take up the services, but they will undoubtedly 
have an impact on the user numbers the 
various services wili eventually maintain. 
First, nobody bas a real idea of how many 
users can initially, or ultimately, be expected. 
So we'll estimate it, now. In the UK, as 
elsewhere, the potential market Jor Internet 
access has a distinct limit. There are, in total, 
only 50-odd 
million people in 
the UK. 
Consérvatively 
cutting ош half of 
this number as 
béing t00 young 
or too old ta 
require, want, or 
пес Internet 


means that the 
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Snare a era 


ОСИ 
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probable 
maximum total 
will be around 12 
or 13 million. 
Given that 
Internet access 
via the vast 
majority af 
personal 
computers is пог 
the easiest thing 
in the word to 
sct up and use 
yet, its more 
likely that a total 
of 5 or 6 million 
Internet users 
throughout ihe 
country can be 
expected to use 
the Internet 
regularfy in the 
short-term, rising 
10 the potential ` 

maximum of 12 or 13 million in a few years’ 


Wer 


Lar settitunoe 
acude a 


. time, Like the hirth of the fax as a general- 


purpose commercial tool many years ago, 
nobody has a concrete idea how the furure 
will develop regarding the Internet. Where 
only а handful of people had а fix machine 
years back, all but a smail handful of 
businesses, and a large number of ordinary 
consumers have a fax machine now. The 
Interner is really only in its infancy at the 
moment. If we expect Interner users to 
expand ar a similar rate then even this 
estimate Of 12 or 13 million users may be 
shor af thé mark. Such high numbers of 


regular users has a knock-on effect for us all. 
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For instance, where all these free Internet 
services leave the traditional paid-for services 
remains to be seen. Online Internet service 
providers like AOL, CompuServe, and MSN, 
together with more traditional Interner 
service providers like Demon and UUNET, 
might see ап initial fall-off of users as new 
Iniemet users jump on the free bandwagon. 
Also, several existing users might jump ship 
irom a paid-lor service to a free one. 
However, the old adage "there's no such 
thing as a free hunch’ is probably true when 
considering free internet services. Ar busy’ 
times of the day it's often difficult (if not 
impossibic) to get access to the Internet via 
these free Internet services and, even when 
connected at other times, the service can be: 
overloaded and quite slow го respond. Also, 
these osténsibly free services rend to charge 
premium. prices for their accompanying 
helplines. Given that many, if not most, new 
users they аге encouraging to register are 
newcomers to the Internet; then there will 
be many new users who require significant 
help, at least inizislly. 

Also, while thé Internet access these free 
services provide is free, the acrual phore 
calls users make to logon to the services are 
ordinary local calls (indeed, this is how the 
‘free’ services make their money, by 
creaming from RT 3 percentage of the call 
price!) which сап add up to an effectively 
hidden ‘fee’ many times larger than paid-ior 
internet services’ monthly subscriptions. In 
other words, if you use the Internet 
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regularly, then the subscription paid to a 
paid-for internet service provider is actually - 
only a very small part of your total access 
costs. Unlike users of free services, however, 
users of paid-for services enjoy free | 
helplines, and accessibility аг ай times (even 
at the busiest parts of the day). j 
Also, whether ог not vou think ‘free’ 
Internet services are good, just consider the 
next step along the гола, Already in the US 
there are Internet service providers who 
provide free computers along with free 
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: Internet use, for customers who accepr 
i certain terms. Generali; these terms appear 


to be in one of two ways. First, users have to 


: agree to access the Intemet fora specified 

: number of hours each month, provide 

: demographic data for use with targeted 

t advertisers, and have the computers download 
: adverts which will be permanently displayed 


on the computer screen. Second, users have 
to buy an agreed amount of advertised 


Í products during the contract period. 


Up to recent times, the Internet has been 


Е жа, 
АМАА ААА 


rather like a select club, Only the technically 


: competent computer user has been sufficiently 
? capable to become a member, and all 

: members have had to climb up the same 

: leaming curve to gain admittance. However, 
: with the advent of new tools to case the way 
: for new users onto the Intemet (Apple's iMac 
: computer, for example) and new Internet 

: systems like these free services which offer a 
: chance io reduce overall cost marginally, 

: there isa new wave.of emergent Internet 

: users who are there just for the fun of it. 
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We take a quick look at some interesting new products 


You can now have all the advantages 
of switched mode power supply 


adaptors are realistically priced and 


output voltages, Eath can be used 
with a wide range of input valtages 
and include a short circuit protectian 

. System with autamatic recovery. 
These power supplies are particularly 
suited to the Velleman universal battery 
chargers featured on page 58 of this issue. 


SPECIFICATIONS 
Output voltage tolerance: 5% 

Input voltage: 90 - 265V AC 
Operating temperature: 0°С to 40°С E 
Ripple/noise (V pk-pk): 1% (20MHz bandwidth) 


Output 
Current 


Qutput 


..Price 
. Voltage. 


‘Inc. VAT 
ii480 © 
£14.99 


Max. Output 
Voltage 


234.99 С 
£14.90 
£14.99 
£14.39 


technalogy in a handy mains plug top - 
tase. These high power AC/DC. 


are available In a wide range оГ. 
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Ibat are featured іп іре new Maplin Catalogue 


‘Antex have Introduced a new gas saldering iran, the GasCat (order code 
80515, price £25.49 inc. VAT), à compact pocket sized butane gas (lighter 
fuel) iron for all.those applications where a mains powered one Is unsuitable. 
The strong nylon casing will hold sufficient liquid butane fer.up to one hours 
continuous use, and is equivalent to à 70W mains iron. The ifan Is supplied 
with а mm soldering tip fitted 
as standard and a protective. 
cap which has an integral flint 
lighter (good for.900 cycles 
per flint} and a pocket clip. A 
range of spare tips аге | 
avalláble separately, Тһе 
maximum torch temperature is” 
1300€ and the maximum tip 
temperature is 450°C, B 


*40e*9692*0204096225604009024260992990920596045234*09890602A€ 


Рог those meatier Jobs 

the latest setf-igniting 

'saldering iron fram Antex 
{order code 0168, | 

: price £34,99 їс. VAT) 5 

ideal, being equivalent to. 

а 120W mains Iron. The. 

| iron features a plezo 

ignitor and a maximum torch temperatüre of 1300°C, and а maximum tip 

temperature of 500°C. On fill af.butane gas (lighter fuel) will fast up to one 
hour. А range of spare tips are avalfable separately. ' 


NEW PRODUCTS е NEW PRODUCTS - NEW PRODUCTS • NEW PRODUCTS 


Мау 1999 ELECTRONICS AND BEYOND Ж» 


Interne 


Elementary, 
My Dear Watson 


Last year, the Mac's latest 
incarnation of operating 
system - Mac OS 8,5 - was 
released to unsuspecting 
Mac users worldwide. This 
month we are going to | 
highlight one of the unsung 
heroes of the software, 
that’s now on every new 
Mac computer (including 
the iMac} out of the Apple 
factory. Мас OS 8.5 has 
actually got several 
significant benefits over 
earlier releases and as a 
result has since been hailed 
as the best improvement 
that Macs could hope to 
have. For a start it is purely 
PowerPC-native. 
Unfertunately, this meant 
that older Macs (that is, 
those made earlier than 
about 1995) couldn't use it, 


so Mac OS 8.1, the previous ; 
operating system release, is : 


the latest version that pre- 
PowerPC Macs could use. 
But, as a direct result, all 
the internal code of Mac OS 
8.5 is written exclusively for 
PowerPC Macs, and so runs 
much faster overall on 


those personál computers. 

Yet Mac OS 8.5 is better 
too in many ather respects, 
not the least of which is 
Sherlock. Sherlock is the 
replacement for the Mac's 
Find feature (an already 
useful tool), that extends 
the Find ability greatly. From 
within a single tool, users 
can now search their hard 
drive for files in ali the usual 
methors, with Finds based 
on any number of attributes 
such as name, size, kind, 
label, date created, date 
modified, version, comments, 
lock attribute, and folder 
attribute. Files on the hard 
drive can also be found by 
content, so that users can 
specify an item of text that 
they are searching for within 
files, and Sherlock will find 
all files with that text in. All 
pretty powerful stuff, and 
Sherlock handles them all in 
an exemplary manner, both 
speedily and exactly. 

But best of all, Mac users 
can now find things on the 
Internet tao, direct from 
within Sherlock - without a 
Web browser open or a 
search engine in sight (well, 
not exactly true, because 
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search engines are accessed 
in the background, as you'll 


: see now). Sherlock works in 
: this way by utilising special 
* search site files, called 

: Sherlock Plug-ins available 

: from search engines. Мас 


users can download a 


: Sherlock Plug-In from any 
: supporting search engine on 
; the Internet (all important 


search engines and most 


: others now һауе Sherlock 
: Plug-ins for Mac users) 
: which allows Sherlock to 


locate any items accessible 
by the search engine, 


: directly from within the 

: feature. To use Sherlock to 
> search the Internet, it's 

: simply a question of typing 


In the item or text phrase, 


i checking the search engine 
: or engines you want to 
: query, and clicking the 


Search button. Once an 
item is located you can 
access it directly from listed 
hyperlinks,-such that if it's a 


: Web URL it can be opened іп 
* your Web browser, or if it's 


an ftp URL it'll be opened in. 


> your ftp program. This is an 


: incredibly coo! and powertul 
: feature, and you have to use 
: it to believe how useful, 

: speedy, and direct it is. But 


that's not ali, Sheriock 
automatically checks out its 
installed Plug-ins while you're 
using it, and reports back to 
you if it locates an updated 
Plug-in, asking you if you 


г want to download it to replace 
: the older version. There's 

- really nothing else quite like 
: Sherlock in existence. 


Mac users with Mac 05 
8.5 or later on-board should © 


: checkout Apple's own listing 
: of the main search engines 
: that support and produce 

- Sherlock Plug-ins, at 

: «hitp;//www.apple.cam/sherl 
: ock/plugins.htmi>, and 

: download them direct from 


there or from the search 


: engines themselves.: Masc 
: users running earller.system 
: software should seriously 


consider upgrading. 


: Sherlock is worth the cost 
: of the new operating 


system by Itself, The extra 
speed Mac OS 8.5 gives is 
just an added bonus. 


AOL And BSkyB Announce Alliance 


AOL at «wx. anl co.uk» and BSkyB at «www. sky. co.uk» have announced : 


a'tross-promotiondl alliance that will bring the benefits of the rwo 
services to a combinetl subscriber base of nearly 7.5 million. 

In з package of measures now being negotiated, BSkyB will be 
given a significant presence on the AOL service, in exchange for 
promotion of AOL across the Sky platform, including on Sky's own 
Web site and consumer guides. 


Cross-scliing between the two services will provide AOL and BSkyB 


with an essential subscriber acquisition and retention tool, with new 
subscribers benefiting from special sign-up offers and promotions ta 
existing members. 


As a first move BSkyB will become an anchor tenant on three of the : 
most popular AOL coment Channels and will be the prémier provider £ 


of news on AOL's UR Web sire. 
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Lycos Gets Lyrical 


Search engine 
Lycos is 
offering a new 


provides links 
to more than 
haff a million 
online songs. 
The nev- 
service, called 
MP3 Search 
after the MP3 
recording 
technology, is 
a joint venture 
with Norwegian firm Fast 
Search & Transfer, which 
specialises in image- and 
videocompression technologies. 

From popular music ta 
amateur recordings, MP3 Search 
gives music fins a quickand 
easy way го find high quality; 
low тлетогу MP3 recordings 
of their favourite songs from 
one central locadon. The new 
MP3 Search site contains 
searchable Web links to over 
half a million MP3 fites- 10 
times larger that any other 
MP3 file resource. MP3 Search 
is available at «mp3.lycas. com, 
ànd accessible through the 
Ivcos.com homepage under 
Advanced Search. 

One of the hattesi 
breakthroughs in audio 
technology, MP3 allows users 
to quickly download digital 
recordings of their favourite 


A US start-up called Free- 


РС.сот 2: «www.free-pc.com» : 
_ this: month announced plans 


to offer. consunters a free 
sub-£600 Compaq PC plus 
Internet access, in exchange 
for agreeing to use the 
machine at least 10 hours а 
month and downloading 
advertising that is displayed 
in a strip on the eight side of 
the screen. 


Zr МЕРЕ с” табылыш" 


- songs ОЙ the Internet and 
; onto their computers or 


portable MP3 players, 
typically for free. Surpassing 


i older Ше formats har are too 


large апа impractical for 


i distributing music over the 
i Web, MP3's compressed file 
i formar requires relatively 


smail amounts of memory 


і but sounds comparable to 


the quality af a compact disc, 
The In:ierner has become a 
kake! for this audio revolution 
as thousands af Web sites 
have sprung up offering MP3 


: files for download. On both 


the Lycos and HotBoi search 
engines. ior example, MP3 is 


: опсо the top five searches. 


Lycos decided to enter this 
new market after discovering 


: thai MPEG was the second 
= mast popular search term, 
: beaten only by sex. 


Free PC Offer Deluged 


Within days of making the 
announcement Free-PC.com 
was deluged with 375,000 
applications. The.company 
had planned to distribute 
only 10,000 PCs in the first 90 
days, staring with people 
who fit advertisers’ desired 
demographics. Later on, Free- 
PC.com hopes 10 have 
enough computers to supply 


> less affluent applicarits, 
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A Canadian company. called 
Zero Knowledge at ` 
<умн.2К5.пе%> claims to 
have a new Browser, Freedom: 
1.0, ihar guarantees: 
anonymity of the Internet. А 
35-1ау evaluation copy of the 
new browser will be амаар. 
from thé Zero Knowledge: 
Web site from March, | 
Speaking 10 Electronics and | 


3 Beyond, Austin Hill, president 


of Zera-Knowledge Sysrenis 
said, “When you browse the 


i Interüet, your personal 


information is routinely 


collected and often distributed 


without pour knowledge or 


$ consent. With Freedom, you 
: сап safely browse Internet sites, 


participare in public discussions, 
chat and seni e-mail”. 


Report Claims Success For Internet 


Match Foundation 
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The DTI has published a report оп the Internet Watch 
Foundation (WF) at «waw, internetwatch.org.uk» by 


independent consultants KMPG and Denton Hall. ‘The repon is 
available online at «www. dti . gov .uk/ Twfrevi gw». 

The IWF is an industry-led, selEregulatory body, ser up in 
September 1996 alier discussions between the Policë and Internet 
Service Providers (ISPs), facilitated by the DTI and the Home Office. 

The report commends the success of the IWE since its 
inception in 1996, arid makes recomniendations for improvements 
to keep pace with the rapid developments taking place in the 
Internet industry. 

Findings show а steady increase in the number of reparts of 
potentially illegal matera? received and processed by the: NWF, 
mainly trom outside the UK. 

The IWF's structure, hotline. Operations and relationship with 
the Intermet Industry; Metropolitan Police and Na ‘ational Criminal 
Intelligence Service were all examined as part of the review. 
Work on developing rating systems, future activities andl funding 
arrangements were also considered. 
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Executives Lack Sophistication In 
Valuing Online Initiatives 
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Research Programme Aids Visually Impaired 


: Net-Dependent Students Drive 
: Availability Assurances 


; Higher education institutes are 
now able to ensure that their 
studenis receive information via 

} the latest range åf computer- 

i based data sources, Using 

; network performance 
management software, colleges 
can take a long-term, proactive 
approach to pianning IT 
requirements, enabling them to 
adopt new services as they 
become available, 

The University of Hertfordshire 


? has just implemented а 

: performance management 

і system at its Central campus to 

i analyse trends in network usage 
: and predici system performance. 
i Using Net-Tell software from 

> XCEL at <wew.x-cel.co,uk> 

: the University will be able to 

: provide.efficient data 

: transmission and server facilities 
t «o students located at its 

: distributed sites and colleges 


throughour Hertfordshire. 
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Service Provider 
Free For All 


A US University research and 
development program at 


waw. purdue.edu/odos/TAEVIS/ index -hine 


has created an online application thar 


allows visually impaired students to work 
wiih chans, graphs, diagrams, and maps. 
A drawing printed on special paper is run 


through a heater that causes the black 
ink lines, Braille letters and markings tà 


Welcome to 


TAEVIS 


Tactic Access to Edncation lor Visually Impaired 512415 


А Dicidam of dhe Office of йы Dean of Stoku at Furiec Unicericy 


In the past month, chreé of the biggest 
names іп the Internet Service Provider 
(ISP) market - Tesco, BT and the Virgin 
Group - have abandoned their 
monthly payment business model und 
offering a free service instead. 

The move toward Iree Inierner 


: access has been sparked by five- 


month-old Freeserve operated by 
retailer Dixons, which has attracted 
more than Là million users - more 
than double the number claimed Ву 


bubble up in a raised image. 


irs nearest competitor, AOL. 


Antex Electronics, the 
soldering equipment peaple 
who provide accessories for 
schools and colleges, hobby 
electronics and product 
servicing: worldwide, bas 
launched 2 new web site with 
technical tips, product 
information and prize 
competitions, The Antex web 
site at www. antex. co.uk 

. includes features on a wide 


range af soldering topics, fram: 


Selecting. products and 
accessories го techniques, 
problem solving and safety. 
The site has its own search 
engine for easy access to 
information through drop. down 
menus or. keywords; This is 
backed-up. bya glossary of 
soldering terms and a 
Frequently: Asked Questions 


Welcome to the Antex Viebsie. 
зо wil &a2 Pere 9 Sc 50 ect pecs жі foe e 


VORLD WEDE БОГЕ RESOURCE 


_ (FAQ) section, dealing with bath 


? UR, Europe, Americas, Africa, 


product arid general queries, і Asia and / Australasia, handling 
There is atso а comprehensse : Antes products. 
Jis, with Inrecner links, to the Чо lunch the new-site, Afitex: 


aevwork of distabutors in the 
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і Electronics is offering all visitors 


t the chance to win free, top of 


the range soldering productis 


: and itis planned ro run further 
= promotions, in conjunction 

; with Maplin Electronics, through 
> the web site. 


The ‘Antex product ringe 


і includes electric and butine-gas- 
t powered soldering irons, spares 
i. and accessories produced го 

> international standards; Sales 

i Manager, Jan Lockhar said “We 
і see the site as an important 

> educational тою} as well as а 

E promotional site for our 

i pinoducts. Аз а diatogue bulls 

: with our customers, we will be 
: able to adrt more informatión to 
: help chem prxluce Бейес 

i qualiy and safer saldering" 


Further information | 


: contact: Antex Electronics 
t Limited Tel: 01822 613565 


ТІ Joins Liquid Audio In Music Venture | 
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Texas Instruments at ww. ti Com» has teamed up with Liquid 
Audio at “www. liquidaudio. com> to develop technical 
specifications for a ponable music downloading device that 
would incinde a copyright protection feature, 

The device would be a direct camperitor to the Rio PMP300 
device, which has raised the hackles of the music ‘industry 
because it allows the music to be replayed without paying the 
artist горане. 


Internet Not Yet Driving Home-PC Sales 


Researching the future. 
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New research on PC 
ownership from Ineca at 
*www.inteco.com» shows 


necessarily mean using it. 
However, Inteco has 
idenüfied one crucial change, 


elite, 


Unauthorised nerwork entry 
can now be flagged up in 
real-time and dealr with 
immexlisicly using new intrusion 
detection safrware from 155. 
RealSecure is available in 
thé UK from security 
specialist CenzuryCorn ar 
«www. centurycom.co.uk». Ic 
alerts'a central administrator 
to the location and nature of 
all network violations as they 
happen, via messages to the 
desktop. mobile phone, e- 
mail or pager. The software 
then automatically: assesses 
an auack's success ar failure, 
and tracks the trespasser's 
route across the enterprise. 
Tilegal intnicters coming in 
through the perimeter 


Cyber-Searchlight To Snare E-Trespassers 


defences, or intemally accessing 
areas of the пекегогК which are 
off-limits, can be intercepted 
or traced. Entry points can 
then be sealed to preveni any 
repercussion. 

The software forms part of 
а complete prevention and 
cure package: This combines 
rcaHime intrusion detection 
capabilities with 158 
vulnerability assessment 
software, SAFEsuite, which 
pinpoints security weaknesses 
and ‘back doors’ onto the 
network. By using the two 
products together, companies 
can get an.in-depth assessment 
of security policy, as well as 
real-time updates as 10 its 


i effeciveness. 
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Over 20 leading UK companies 
are throwing their weight 
behind а Government 
venture to encourage more 
srudeàts to take up 


С streets) ruens 
obi 


Bee ne 


Ride The Radio Wave 


(RFEFT), an educational venire 
berwcen Govémmeni and the 
radiocommunmications industry; 

Spearheaded by the lunch of 
a Web site at saw. rfeei. org.uk 


that, at the end of last year, 
around a quarter of | European 
houscholds owned a PC, still 
well behind thé US, wheré 
penetrations now almost 
datible that level; with the UK 
leading the three major 
European markets. The PCs 
owned'are generally powerful 
- 60% of households 
purchased their newest 
system within the last two. 
years ‘aad the majority are 
Pentium-based - Vei only a. 
minority are online, 
Prédictably, recent Buyers" 
Systems are more feature-rich 
ihan the PCs in the base, for 
example almost 8095 of UK: 
home-PCs are now shipped 
with i modem, But even 
among these recem PC. 
buyers, who Өле might 
expect to be among the most 
i caper to gêr online having 
ће equipment toes nor 


ТТС 


ere erae 
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[n 


-which bodes well for, 
consumer e-commerce in rhe 
future: The online? activin: of: 
early adopters was driven Бу 
work-related eects: In 
contrast, personal use 
dóminates thé aniline. 
activities Of recent buyers and 
this is also now: becoming 
iue of the. base in generalin 


- fact, overall PC use among 


recent büyéts, particularly in: 
the UK is changing, drifting 
away from being purely work 
and education driven to 
reilect the increasing 
versatility of the'device, | 
Although increasingly likely 
$ be online and to report the 
Web as part of their PC 
LE recent buyers’ 
Inierner. usage is'still very 
much a secondary activity. The 
proprtióh of buyers 


their purchase remains small. 


ainge · ; = 
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racdiocommunications careers 
and meet rhe rapidly 
increasing demand for radio 
frequency specialists. 

The ‘Ride the Wave 
campaign, welcomed by DTI 
Telécoms Minister Michael 
Wills, is the secand phase in 
The Radio Frequency 
Engineers Education Initiative 


о encourage even more 
students to take up jobs in 
radio, the campaign offers 
students the chance to receive 
infarmation about career 
opportunitiés in radio, meet 
supporting companies in their 
area, get work experience and 
evenwork with indusiry on 
their final year projects. 


The R.F.E.E.I. В e UK Government end Inductry Partnership 
promoting careers In Radio Engineering 
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For уои lovers of old TY 
progs, checkout TY Cream, at 
<http: / /wew. ty. cream.arg>. 
Неге ynu'll find informatión 
about long-dead, archaic, cult, 
anc other obscure programmes. 
Not only TV programmes, ТУ 
Cream houses other redis. 
memorabilia too. You can even 
make suggestions for other 
links, so if anything you want 
to sec on rhe site isn't already 
there, it's tn.vour hands to 
make it so.. 

пв of long«lead, archaic, 
cult «nd other.obscure things, 
/~systimk/music/bonzos> 
into your Web browser, and 
sec a Website dedicared 10 the 
Bonzo Dog Doa:Dah Band. 


key <https//wwd.ang)ia.ac.uk : 
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You've probably got to be aged : 
over 40 co know who the Bazos : 


were, but for the benefit of 
those readers who are under 
|7 4(; or who simply blinked too 
| fien in the 1960s, they were 
the archetypal lunatic fringe. 
comedy group, Several big 
names emerged fram mémbers 


ot the Bórizos, including Vivian ` 


Seanshall, Мей Innes, Hm . 
| Саракі, ап Aynsley Dunbar.’ 


Family historians have a reat in. 


Store. at GenealogyLibrary.coo, 
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where you can search and 
locate references to a family 
name in over 1200 online boaks, 
databases, atid other farily- 
finding resourtes, The site, 
available with a hypertink from 
http://w. fani lytreenaker. сос» 
is produced by Broderbund 
Sofiware, whose Family Tree 
Maker is-one of the world's most 
popular gencalogy programs. 
Ой а more mundane level, 
Bob's Pant Guide is a Web: 
site designed to make the 
problems of professional 
printing seem а liule-less of a 


PITT 


hind (Yes, it’s a punt Alright?). ; 


It's a good stopping off point 
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negotiate lower prinr rates, at 


andirs as wellwe can all laugh : 
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if vou have to interface with’ 
professional printers and 
don't really know the 
difference berween saddle 
stitch and PostScript. Check 
out the facis firsc; then 


Pristiny it а Пец рт - 


We're going to make it easy 

«http; Гн, hobs. co. uk/print : 

/PrintKone.html>. : 
Einaliy, it's getting closer 


alioücir- The Millennium Bug, 
otherwise known as Ү2К, that 


is; Duh-2000 15 a wonderful 
site that compiles as many 
srupid things that have been. 
said about the Year 2000 
problem as it possibly can. For 
example, a quote from US 
Vice President Ai Gore - “Haw 
could this. be а problem in a 
country where we have intel 
and Microsoft?”. Check it out 
and how (with both laughter 
and despair) ас 

«http: //wea.Duh-2006. com>. 
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Subscribers’ Speciali Offers 


| 


“BUDGET NIGHT 
| VISION 


| Catalogue Price £179.99 
_ Subscribers’ Price £149.99 


‘Catalogue Price £699.99 
Subscribers’ 


Price £549.99 SANE | 


ums 


ode 72337 a Code 72334 


з B ; SOUNDBLASTER 
Catalogue Price £7.99 | - | tJ LIVE CARD 
| Subscribers’ Price £4.99: | | ue |. Catalogue Price £149.99 
| х Е Subscribers’ Price 2139.99 


Ё Те 
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When ordering any of these special offers which apply оту for Subscribers and new Subscribers of Electronics and Beyond, please quote your 
Subscribers’ Membership number (telephone Customer Services ол 01702 554002 if not sure) and the special order code number, All items are subject 
to avaitabitity. Prices include VAT. Catalogue prices refer to the 1998 Maplin Electronics Catalogue. Overseas subscribers telephone +44 1702 554000 
Ext. 326 for carriage charges. А £3.95 Carriage Charge will apply to all UK orders under £30.00 (Maplin Electranics Account Holding Customers exempt). 
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Over 2,000 New Products 
Discount Vouchers worth up to £50 


Order Code CA19V 


including 
McAfee Anti 
Virus Software 
Demon 30 Day Trial 
Datasheet Library 
Technical 
Computer Guides 


m 


* 37,008 products In cur залы oci арі 1 
a” Price redociien o over 30660 prodects 
* FREE datasheet CD Ros 


. FREE software: МАҚ virus scan 
$ ! FREE 32 беу бесов: Interon tria) 
< е 
-—— 


Ail items subject to availability. EHN 


